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Dry laming la 1fon way of faraing without 
irrigation, generally la tha continental latarlara of 
tha tropical and euhtropioal land* where evaporation 
graatly axeeeda precipitation aid rainfall la highly 
a eat for dry land faming la aatlnatai to ha 250-500 as 
la winter rainfall araaa and around 500 an la aaamer 
rainfall araaa, fha fourth BITO Tear Plan definee dry 
faming araaa aa thoaa which recelre w annual rainfall 
ranging from 375 an to 1125 am and with -vary United 
Irrigation facility, Bowerer, tha average annual rainfall 
alonay cannot ha oonaidarad a aatlafantory parameter for 
delimiting dry faralag araaa* 2a fact, tha aridity 
Indleaa and tha water availability ptrloda daring tha 
cropping aaaaoa say ha aora effective and rafinad 
techniques for tha dtlialtatlon of auoh araaa which 
anooapaaa tha arid and aaai-arid part* on daaart aarglna* 
£oa inadequacy and uncertalaity of rainfall often 
cause partial or complete failure of crop* landing to 
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recurring iioaroity and area famine. Great flnetuatlone 
la production occur. Dry faratng la Weetern Bajaataaa 
facte any more eerere probleme than i t deea la any 
other part of the country. Tht water problem hara la 
acuta and jonditiane tend to beeoae Tinnmnageable towarde 
tha veatem real* of tba araa. 
Wind blow daiart aolla hara aa high aa 8$ par 
cant aand und low orgenie content of 0*1 * 0*25 par cant. 
Nitrogen content la alao vary low 0*02 * 0*0? par cent. 
of 100*120 aa la about 1 aatra of aoil profile. Crap 
oholca la :UL«itad aa tha aolatura availability ia only 
65-70 daye, panctuated with epatio-tenperal watar atraaaaa 
of varying degree* Ia tha arid araaa tha range and 
ehoioa of oropa ia far too limited than la tha eaai*arid 
araaa beoamee of a weaker watar balance eltuation. The 
fortune of dry farming hlngea upon ma aasiauw abeorptlon 
of rain water and tha optlnua utlliaation of aoil 
aolatura. 
Tha relief of tha araa axhiblta Aravallie aa 
tha aaat prominent and aandy vaataa ef varying fora and 
•lae aa tha aoat doalnant featurea. Tha other major 
detalla of tha landfom are allurlal plaiae, aalt depreieione 
•J** 
and iaoltita* low Mil* riaing aoova tha alluvial plains, 
Xha ganaral rollof laoraasoa froa voat to aaat and tha 
ohaagos ara gradual, Tha vaatam aaady plain* m i o 
froa JO nottt to 350 aatra abora moan torn lawal and aro 
intaraparaad by Mad duaaa, rldgio, ponoplanad alatoaaa 
and taolatod aaaa of granita and rhyollta. Moat 
apootaoajiar aaong laadforaa aro tha dunoo which ooaprlaa 
58 par eaat of th* araa of Vaatam Rajaathan. Samoa oeour 
la thraa aajor chalna. Ih vaatam porta of Baraor, 
Blkanar md Jalaalaer thara ara high duaaa vhioh ara many 
kiloaatwia long. In aaatarn porta of Blkanar aad Chora 
thara aro osaaoaito daaaa aad la Jodhpur aad Sagaur tha 
doaoa aro dlaoontinuoua aad aoattorod* 
Sao aatortaala la gonaralljr lav* In tho axtroaa 
vaatam halt of Baraor, Blkanar aad Jalaalaar vatartabla 
occura at a dapth of aoro than TO aotroa froa tho 
aurfaoa, Tha only axoaptlen being Oangaaagar vhara Indra 
Oandhi Kahav (oanal) haa lad to tha foraation of a 
aoooadari' vatartabla. Vatartabla at loaa than 30 aotroa 
la a raw* ooourranoa la thlo raglon. Tha grouad aator 
la aaxt lapragnatad with chloridaa, aulphatoa, oarboaataa, 
of conoaatration, rendering largo eonle utilioation of 
Irrigation aa a dlataat feasibility* Roraova?t irrigation 
ill thooo water otarvod areaa is mot aa eaey 
proposition. 
fat aaetnt and Yariaty of natural ragetatiaa 
ont comti» acroee In tola region leads one to think that 
Indian dtsert ie not a trua desert la tha litaral sons* 
of tha tera. Sao roasoa nay bo that thers ia hardly 
any other dteert which eoaes under tha away of ouah a 
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erident froa tht fact that at tha onaet of monaoon tha 
laadsoapt makes suoh a roaarkable ohange of ito clothings 
that alaoet tht antira daaart i t tranefowaed into a 
gram pajitureland. On tha wholo, tha vegetation ia 
jcerophytlc la eharaotor. Tha roaarkable epatial tariation 
ia vegetation giree oluee of tha blotto potentials 
toward* tha regione of relatively good vegetation* 
3ho climate of Woo tarn Rajaathan i t hot and 
dry ia g<»«ral* Tha avarage taaperaturos ranain high for 
graatar ]?art of tha year. Teaperaturae art highaat la 
tha pro iioaaooa hot dry aaaaon. Both the annual and 
diurnal range of teaperaturo la largo undar tha cloudlaoi 
sklee, fho euamer nonsoon reaohta western Rajaathan 
fairly Into and makes an early ratrsat, 2ha withdrawal 
of aonsoon i s quitt sudden as compared to i t s onset, 
fas rainfall distribution Is froa 900 BB la the east to 
below tQO an l& tas extreae west* Although tht entire 
*ld-Septe«ber ytt tht actual rainy period la this region 
dot* not; ©oaaenoe before fitly* The co-efficient variation 
of annual rainfall range* from 50 per cent to 80 per cent 
vhlch i s of high ralue to eope with, 
She monsoon rains aro <$haraotsrised with breaks* 
bursts and pulsatory aavsasats. The breaks are exceedingly 
uncertain la their occurrence amd duration. The breaks 
earn last for several weeks at different stages of the 
cropping season sat damage the crop partially or wholly. 
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breaks ia the rains are difficult to predict and 
generalise. The tendency of breaks boggles say substantire 
analysis on them. In fact, i t i s this aspect of monsoon 
which asks* them a l l the more important to be scientifically 
probed Into, 
The soils of this regioa art generally sandy to 
lossy sand. The percentage of clay sad t i l t I* vary low, 
vita 2.0-.6.0 per oent clay sad 1»5-4.0 per cent s i l t . 
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Organic motto* lovolo ar t general ly low oad tho otraotoro 
o f t h t t o i l t o veek. Booamoo o f wider port 090.00 In thou 
tho in f l i t ration rateo ar t high, ao tht humue content l o 
0X00 l o * tho o o i l o hart poor water holding capacity . 
Coneeque&tly, too noietare Xooo through evaporation and 
deep pereoXatlon lo high, At Xowor Xayoro thooo oo l lo 
o r e o&laireoue with hard pant o f Xiao a t depth* varying 
from 7$ on to f metre* 29io 0109 root mono l o narrow In 
moat o f too o o i l o , faey are impregnated with high 
percentage o f ooJaele e a l t e . She o a l l n i t y m& aXkaliaity 
i o fortunately a looa l i eed problem l a the ehallow 
depreeelono* Ao tho microbial environment o f thooo o o i l o 
i s poor tho reeultant moagro bacter ia l a c t i v i t y rondoro 
thorn Xooo pro tec t ive . Dae t o h i ^ temperaturee tho 
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roTtalo conelderable variation in thtir color, texture, 
etruoture, aeration, compaction, microbial environment 
and mater holding capacity and ultimate fertility etatue, 
m dry farming arcaa of Veettrn Ha^aothan, where 
acute moleture ooarcity prevaila, tho adequate abeorption 
of rain-iwtar la tho toil lo a baalc pro roquioito to 
oneuro crop production, fhoro if o conoidtrablo dogroo of 
run-off looooo amounting to 20-50 par coat of tho rainfall 
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roeolvod* fho raa~off loooos largoly dopomd upon tho 
•o i l toxtaro* On fino toxtorod oollo rm*off lotto art 
high aron oa gradual alopoo* Jho aboorptlon of aator 
l**o*fo» laralling and bunding, iaproTaaant of iht 
Infiltration charaotariatioa of tho ooil,daraloping too 
•oi l otraotaro and uator hartooting procaduroo. 
m tho dry farming aroaa ovon whan tht aaxiaua 
aboorptlon of rain-vatar i t anturad, tho probloa of aolotaro 
rotontioa roaalno btoauto tho toil moioturo i t mot alvaya 
ooouro for crop uoo» On tho aandy toilt about 20 per coat 
of tho rain-vatar i t loot through doop paroolation bolov 
tho root toat and about 10 par cant la loot through 
evaporation. Of tho otorod soil moitturo at nuoh at 
60 por ©out goto ovaporatod iaaadiataly aftor tho ralna If 
propar,adaquata arraagoaanto of i t t conatnratioa aro aot 
aado* Oonoorvatlon of ooll aoloturo i t ooa of tho aoat 
important prinoiploo of &xy farming* Tha offootivo 
moioturo oomoorvatlon daricaa laolado mnlohing of tho 
floldOt oontrol on doop percolation by laying aubtoll 
moioturo barrloro* tiaaly eradication of veeda, fallowing, 
planting wind brtafcera, ainithaltar bolto and oontrol on 
tranapiratlon. 
Tha moo of fartiliatro i t ataoot non-extant undar 
dry farming oonditiont of may artao of Vaotarn Sajaothon, 
«•(>•» 
Ecologies point oat that chemical fertilisers deteriorate 
the aicroDial enwlroaaent of tha toil ay daaaglag micro 
orgaaisiia. The fertiliser uee la scarcity conditlone 
generally lead* to the cruet formation aflar towing. This 
reduces the seedling emergence of pulses oropa la particular, 
fertiliser uaaf however* la feaalele la normal and good 
rainfall years. At alkali aoile are generally deficient 
la plant nutrients such aa nitrogen
 t ealolnn and sine, 
fertillaera and manure una la necessary oa than for enhancing 
tha reclamation effeete, the fertlUeer aaa efficiency 
would prevail BO long aa tha aalatara regime lead* lta 
support to tha crops to respond favourably. Nevertheless, 
a moderate aaount of eultable fartlUaar la accordance with 
tha aoll aalatara aay increase water una efficiency. 
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management la thie region should ha oa evolving a ayataa of 
cropping which adequately conforms to tha lialttd aatar 
availability. For aa efficient aatar una tha crop aaaagamaat 
should Involve tha controlling and regulating of 9t9p9$ 
orop daaalty aad crop gaaaatry in tha field* faa crop 
planning should be wary dynamic oa tha western flank of 
Barmsr, B:tkaaer» Ganganager and Jaiealaer. The daaalty of 
tha oropa will deereaee towards tha vest. Kited cropping 
doaa not hart ao aaoh stress on aoll aalatara aa doaa singla 
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oropplag hooauao plan to of tho aaao apaalos ooapete 
for oator aoro rigorously with oaeh othor thoa do plaato 
of dlfforoat apooioa* DEI tho aorthoaatora raglaa of 
Jhuajhanu tad Sikar aixod crop of ihaat and graa tad aajra* 
rajra la tho woot rooultod la hightr yioldo thoa thoy vort 
ettltlwatod singly. Although doahlo oropplag hold* no 
foaalblllty la thia rtgion, a t w t h o l a a o , la tho yoaro of 
aoro th*a 700 aa rainfall with oa oxtoadtd rainy ooaoon 
doahlo oropplag oaa ho onrlsagod. Aaalyalo of tho paot 
75 yoara of rainfall data rowoaXod that thtro wore 18 yoara 
o f good rainfall vhon douhlo oropplag waa pooaihlt la tho 
oaa torn parts* 
Aaethor aajor aojiagoaoat Strategy la dry faralag 
ooaditloaa oould ho troploal ToraaHaatloa. Sals lo a 
toohaioao of hastoaiag tho growth rata of orop, thorohy, 
rodnslag i t s growth porlod to oaahlo tho orop to 
aoooaaodato to a l iaitod wattr availabil ity porlod* 
Vernalisation troataoat also brings optlalsation to tho 
aoodo rata hj oonsiderably roduoiag tho poraoatsgo of goods 
l o f t aagoralaatod booauss of hardaood ooat or booaoao of 
low ooi l aolatoro at goraination dopth, fas roopoaoo to 
Toraaliaatloa waa found mrying la dlfforoat rogloaa of 
vostosa Bsjasthaa aot only with difforoat oropa hat alao 
with tho ooadltlono prevailing aftor sowing. Voraallaatloa 
•to** 
i» aort feasible OB ©rope which have a longer geraiaatlon 
period, eeptoially olleeede, eueh at ontter, eunflewer, 
aafflower aad the Ilka* Vernalisation by virtue of 
reducing the teed wastage la furrows ha« favourable effect 
on tho oost benefit ratio of tht erop. 
Drought la ito varying iateneity sad duratioa i« 
a regular feature la one or tht othtr part of tht region. 
Adequatw aad aoouratt ptreeption of drought haaard la dry 
faming la extrenely iaportant, i t baa beta worked oat 
that la nearly to* per otnt of tht ytart the aeen groving 
period 4uring aonooon vat hardly 11 aaaka. If tht farmer 
fail* to keep tht tiainga of sowing hie crops to this 
Halted growing period ht ooate under tht grip of agrltultural 
drought. In tht wttttrn bolt of Baraer, llksner, Oeaganagar 
aad •TaitAlaer * Barntr la ltaat vulnerable to largo droughte 
oa tht othtr hand la eaetern bolt of Jhunjhnau, Blkar, Fall 
aad Jelore tht poeition of Jhunjtemu ie relatively 
comfortable, la aaalyala of a eyeteaatio pattern of origia 
of drought, ite epread aad deoay la of great advantage la 
crop planning la dryland agriculture. It baa been analysed 
that the oeourronoe aad epread of drought la net a tporadic 
•rent in western Bajastaaa* Drought hare a general 
tendency to originate in the aortheast around Chum aad 
Jhuajhunu aad spread la eouthwesttrly direotlon late Baraer 
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aad dlooipato with an oaotorly novoaont into Pall, Tboi 
anticipatory arrangoaoato oaa bo amdo la «ry farolng 
aoaagoaoat* la aany parte of vootora fiajaathoa* whoro 
traditional oropa oftoa fail, a varloty of hortioultoral 
oropo oaa bo oaoooo folly ralood« fhlo* hovofor* dooo aot 
aako hortloalturo a oubotltuto te oroppiag oat a oapploaoat 
la goaoral. Dry Ion* aortiooltaro offoro aa approeiablo 
ooopo for otabilining ao vol! an augaontiag tho oooaoalo baoo 
of tho pooplOft Oa Ian do whoro ooll aoloturo tone* to 
otay deep aad crop ralalag i s a roaoto peoalblllty, frait 
trooo hold a good proalee* r*»o«»* oould bo of high 
potential for eultltatlag frait erope* Bertlenltere on 
khadlno oould enable greater oator uoo effleieaey than tho 
traditional feedgrala oropo* Too oategerloe of fraito 
oaa bo grown oa thooo dry laado* Piretly, thooo planto 
which oot fraito with tho oaoot of rainy ooasoa or a l i tt lo 
aftomardo aad nature boforo tho advent of hot dry euaatr 
eeaeoa* Secondly, planto vhooa fraito amtaro and ripon 
during tho hot dry oaaaor aoatho» Tho firot category of 
fraito noraally oonfornswith tho weetern daay rogion of 
Baraorf Blkoaor* Jaloalmor aad (Hingenagar while tho ooeoad 
oatogory of fraito aro aoro feaoible la tho oaotorn parte* 
*12» 
Sao regional aaalyals of dry farming potential* 
ha* boon attempted at macro, I N O end alar* level*, 
Begional el&aelf loatlon fcae largely been and* em the tests 
of rainfall dletributlon ud variability, aridity ladle** 
and eater availability period** The regional boundary dote 
conform rather fcoaogcneoonly with the eempoeite featore* 
of land forme, soil* and natural vegetation* l a m region* 
identify extremely arid region of veat oeaprlelng 54.9 
par cant of tha total area* arid region of central part 
conalatlng 27*4 por coat of tha total area and eemi-arid 
region of tha aaat aeeountlng 17,7 por e*nt of tha total 
araa of Western Eajaethan. Tha mlero region* furnleh 
fairly oloaa understanding to tha problems and potentials 
of taeec areas, Tha micro regions hare boon identified OK 
a nor* atrlat baale at tahail level* Micro region* have 
identified humid, safe-auntd* aotet to aaal-arid ami arid 
regions* Tha regional study would facilitate * battar 
understanding of tha apatial variations aad thair emus* and 
offset relationship* Concurrently, suitable aa&agement aad 
cropping strategies oould bo devised for cash raglon. 
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Raaaaroh on dry faraia« la India la la purauanoa 
for naarly fifty yaara oy agricultural aeiaatiata. 
Howarar, attaapta fcy gaographam hava aoaatily baan aado 
to analyaa tha ragioaal dlaaaalon of tha problan. Iha 
praaant atudy la aft affort to idantify tat potantiala of 
dry faralag oa tha gaographio amtrls* 
Haarly 70 par oaat of tha oaltlvattd araa la 
ladla la ralnfad which produoaa about 42 par oaat of tha 
total foodgraina. Agricultural production froa ralnfad 
araaa daaplta Halt ad atailahlllty of raaauroaa, aapaoially 
vatar, la aa indication of lahtroat oapabilitiaa of thaat 
araaa la ria» of tha fact that avaa aftar raaliaing tha 
antlra Irrigatlcin potoatlal Indian agrloultura would 
largaly roaala ralnfad la natura, 
4 ragioaal analyala at antra, aaao ami micro 
laral haa baan attaaptad with rafaranoa to tol l noiatura 
coadltlona, aatar harwaating aai cropping potantiala oa 
tha drylanda of Voatara Bajaathan which eoaprlaa ©war 
8 alllion haotaraa of tha total oultlwatad land la tha 
raglon. 
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CHAPTBE X 
IlfTRODOCTICB 
tht soli , i s proverbially tha firtt occupation of aaaklnd, 
and awaa today engage* on th» world aealt nany »©** 
people than any othtr occupation. It la a natter to 
reckon vita that a n la engaged la tht pureuit of agriculture 
in Ttry fragile cnvironaaate eluoe remotely blatorleal 
tinea to enable hineelf a permanent euateaance aad settlement* 
As la too well fcaowa, the greatest eingle controlling 
factor in agriculture la «liaato9 especially relafnll, 
' la fast* i t la tht rainfall or tht availability 
of water that areata* the dietinetion aaonget tares typee 
aad fiaald laraing* Dry faming la tht way of faralng 
without irrigation la areas where rainfall la low aad mty 
precarious aad mosrtala* Such areas usually l i s along 
tht desert aargins aad ses£«*rid eUaates of tho continantal 
iattriort la tht tropical and sub-tropical latitudes. 
Kolsture supply la obviously tho moat oritioal factor in 
orop production la dry faralng. 
2 
fti* delimitation or dry fasting area* haa beta 
attempted generally on the baole of amount of rainfall 
alone, 3Mo, however, cannot bo considered a satisfactory 
parameter of demarcation. Because the total annual rainfall 
i s distributed ©war a largt Ha* spaa, vails ia dry faming 
the distribution of rainfall during tha cropping poriod 
ie significant. Sao minimum rainfall requirement for 
dryland farming i t estimated to be 290*900 aa ia viator 
rainfall araao and 900 aa la saaaer rainfall areas! 
RortrthoXoao* looal factors* tsapsravars reglae, rata fall 
variability and toil conditions aay ask to daTiato from 
thtat generalised flgurto, Tha fourth BITO Toar Plan 
defines dry farming araao aa those which receive an annual 
rainfall ranging fro* 375 mo to H 25 a* and with vme? 
liaitod irrigation facility? Arsas which receive lota than 
575 am of average rainfall aro considered aboolutoly arid 
or doaort artao vales, require special treatment? la fast* 
the aridity lndloes and tha water availability porioda 
t Araon* X.» "Physiological Principles of Dryland 
Crop Production*, (EdJ, aupta, t?»8#f 
Oxford and XBH Publishing Co*, Bombay, 
1982, ».9. 
2 Planning Conaiooion, Sao Fourth fivo Toar Plan 
<f9lM«)» Xadia, p. 159. 
Agrieolo Publishing Academy, Nov Dsihi, 
3 
during the oropping ssasea aay bo wore off *sti?s and 
refined techniques for tbs delimitation and appraisal of 
these areas. 
Faming practices to oops with the scarcity of 
water have exieted alaoe t as long as aaa has been a 
aubslstanoe agriculturist, lor oenturiee, however, the 
ss*jrjy^y ^^owwpa* ™ssJSjr ^s^aw"j^^siwnpsa» ^ ^ P vaaa>4a ^saaajyasMSaw^wsssauB <fcjee>^ e ^aaas* as W W&JK W9 ^^^aaaw vea^p 
and scientific approach la dry faming sas aad* in ths 
tfnited States of America and 'dry taming* as a typa of 
ecramaroiaX agriculture, began psrhaps in Utah la 186?, 
Latar onv i t baoamo a general practice la aany parts of 
tha aaal-arld oonUnantal Interiors of North America, 
Australia sad Asia, sad to a lasaar dagraa la Eouth America 
sad Africa. As rsgards scientific experiment sad research, 
moat of the work has bean dona la tha United States of 
Aasrioa sad Australia* Dry faming has virtually been 
non-extant in Europe throughout the history of agriculture. 
2a India, froa time immemorial the chief for* 
of agriculture adopted by the people ia areas of low and 
W^SW'^S'TWW vsihSMMR anaa^wawaSj^w^'*^^ ^^ah w w ™ <^r^ *aMr ••^wjawaws waaiwa^ aaas a w e aD^* w^^ ^^ ^^ **asHfc ^^aa 
crops such as millets which consume less moisture sad oaa 
stand the tropical high temperatures. Sash orops provide 
foodgraias for the farmer sad fodder for the draught cattle. 
i 
It aay aa «ali that i t mm not until 1923 that * rational 
and a ooloatiflo appvoatth in dry favala* ins adoptad la 
India (P ig .1 ) . 
• fatyfiff ygnfP f i y p t m 
Agrlonltura la aoat parte of Vostom Eajasthaa 
dft ^fevaaa^a jAaa JMHK 4flh^aal ^k ^l^a Tt w A M H I ^ ^Maa « Aft 40 Ma aa JlriBt ^ Mnaak daua 4M a^ Jv l ta£ ^^ aW * a a 
^ a a a ) ^af^ B^aww^a^BMia 9 ^a- ^* ^a»aa ^a^^^w^pa ^Hnaaa^vaa* waw(aa ™ aaaw^a^aai^^T4<waw^i|^ W a H O 
^ W w ™ w w ^^awwia^#aF ^ntf T^oa o»^B*apa (^BjMPa^ai^a* a^>Mk F^^ piwa p^'^ at™a(BWP* apwaa* ^^aaaawa* aPa» a^aPaaapwa'^P' ^^^a 
4a^aapHia4r^^ ^P^B* ^^ aa*^ » ^pja1 ^*MF^* aa*^ P'*aflKjaaaB™H| W^IF *a» ^ w p^^ ^MaaB*B>aa#^ Bjk VB'^BVBMM^hpa 'ajar ^aaaaaa 
t v n famines, faoro la th« continual speotaolo of aoa oad 
thair animals aoring oat of tha drought alt areas la the 
70*1* of meagre or ao rainfall. It la a serious oad 
reeurring problem, Cao of tha nays of solving thia problem 
has eeea sought la dry faming. Se*y farmers aaa raise 
orope oa landa vmlsh rosolto aa Uttla as 350*600 aa of 
rainfall la a year* iivoa tbooa artas whioh resolve more 
than $00 aa of annual rain* oat suffer froa a high rata of 
evaporation, la tho tropica oad aaotroplas, ©erne la tho fold 
of dry farming, 
vaster* Bajasthaa in tho northwestern part of tho 
country eoapriees a total geographical araa of 2,08,751 
aq« km, against a total gaographical araa of tho stato aa 
3,42,239 «q. to, covering €1 per oont of tha total araa of 
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FIG. 1 
WESTERN RAJASTHAN 
NAME OF TEHSILS 
1. BARMER 
2. CHOHTAN 
3- PACHPADRA 
A- SHEO 
5- SIWANA 
1- BIKANER 
2- KOLAYAT 
3- LUNKARANSAR 
A. NOKHA 
1. CHURU 
2. DUNGARGARH 
3- RAJGARH 
A. RATANGARH 
5- SARDARSHAHAR 
6. SUJANGARH 
7 TARANAGAR 
1. GANGANAGAR 
2. ANUPGARH 
3- BHAORA 
4. HANUMANGARH 
5. KARANPUR 
6. NOHAR 
7. PADAMPUR 
8. RAIS1NGHNAGAR 
9. SADUL SHAHAR 
10. SANGARIA 
11. SURATGARH 
12. T1BI 
1. JAISALMER 
2. POKARAN 
1. JALOR 
2. AHORE 
3- BHIMAL 
A. SANCHORE 
1. JHUNJHUNU 
2. CH1RWA 
3- KHETRI 
A. UDAIPURWAT1 
1- JOPHPMP 
2. BILARA 
3- OSIAN 
A. PHALODI 
5. SHERGARH 
1- NAGAUR 
2. DEGANA 
3- DIDWANA 
A. JAYAL 
5. LADNU 
6. MERTA 
7- NAWA 
8. PARBATSAR 
1. PALI 
2. BALI 
3 DESURI 
A. JA1TARAN 
5. MARWAR JUNCTION 
6. RAIPUR 
7. SO J AT 
1. S|KAR 
2. DANTA RAMGARH 
3- FATEHPUR 
A. LACHHMANGARH 
5. MADHOPUR 
6. NEEM KA THANA 
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tao etote. fao total population la thia region in 
1?f399,640 pereone againet the total etate population of 
54 #108,292 para on a, coYering 40 par cent of tao population} 
flit average deneity of population la 87 paraono par ao.* ton, 
which ia high on the arid lam* oooftyatoa* She total araa 
uadtr dry farming In tfeetem Bajaataaa la about 6,363.000 
haotaraa anrt the total fallow land la 3,078,000 haetaraa, 
which la about St par ont of tha total dry fanning araa 
Table U la tha dry faming areat great fluctuatlone In 
produotion ooour on aoaooat of rainfall wiationa la tina 
and apace, Vxy faming ia toatoia Ka^ aathan faaea many 
mora aerere problems than i t doeg in any othar part of tha 
country. Tha water problem hara ia acuta ami conditions 
toad to aoooao miaanagaabla towards tao laatora fringe of 
tha area. Although, Sajaathaa canal (How Indira Oandhi 
Gahar) haa taken owar much of these araae, nevertheless, i t 
haa harbourad ita own problems of irrigation aoology la 
the desert* Sao rainfall la aataly conflnad to tha period 
of aouthiraat monsoon which lasts from lata Dai to aarly 
Saptwibor. Rainfall ia usually low to naagra and 
characterised by long and unwarranted dry apells. Soila 
ara desiccated 4m to high temperatures swan during tha 
4 Canaua of India, Rajasthen, Series 18, 1981. 
#%& m & o i- <* o t-
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aoaaooa aoatas* Hot dry winds of iiigh velocity la suaaor 
on 
cause ft serious problea of toll erosion/these desiccated 
lands* 
The sliaatie probloas of drylands la western 
Raiaathsn AS* not only of low annual palpitation, varying 
froa 100 am la tht extreme west to 400 am la moot of the 
eastern parto with oa eaception of 500 am la too narrow 
eastern fringe and oa exceedingly ortati© nature la 
ooeurrenee but the effectiveness of the total rainfall Is 
•sry poor, Saoro as* alga triad velocities orsr 20 xnph 
oftoa attaining 30 or orta 40 taeph, Vind velocities haws 
p^^ ^^ aaa> aa^ ST wea^'^^sa ^^F^evWS *PBF wasa ss^ ™^^ a* vaoa-^ a^a *ataa w™a^ w SBjapv^ TW iavapaaaeaWMafc f^c ja^w^aaf^^ai 
iaduolag ovaporatloa lossss thereby redueiag tho p^ygtn 
of vast could novo boon a fair advantage, alga Solar 
laoidsnot la coupled vita alga potential cvapotranspiration 
of 6 am a day ia many areas. 
The water table la 40-130 aotroa doep sad thtrs 
la a auto abaoaeo of perennial rivers. Surface watsr 
rescurosn are scanty synchronising vita the meteorological 
sad edapaio debility of the area. ¥ind-blovn desert soils 
hays 85 pwr cent sand, Organic asaure content la lev from 
0*1*0*25 psr east* High infiltration rata of 100 aa per 
hour has oosa assesssd la aaay eaady areas of Barmer. 
10 
Bifcanar and Jaiaalaar* Ihia, infact, indioatta tovarda 
Hit high data parcolation loaata of »oll aoiatura. Intra 
la poor aoiatura atoraga capadty of 100-120 am la about 
1 attra toil profila. 
Ctaa choica le Umlttd at tat aoiatura aYailability 
i t only 65*70 daya, punotuatad with apatio-taaporal water 
atraeate of varying degree. Yield potentiale are low vita 
150-250 % jp#* heotare. Ecological degradation and 
diminiahing productivity are tha major probleaa in Veatern 
Rajaathan, on tha oat ha&d there ;Le growing dapandanea 
In tha arid and aemi-orid araaa of veatern Bajaafaan 
tat fortune of d*y faming hlngta upon tat aasftam abtorption 
of rainfall Mid tha optiaua utilisation of aoll aoiatura. 
Hence, in amy otratagy of crop growing, tha nature and 
oharaotartatica of tha nonaoon amah as tha long lay lntarwalo 
•waa) 4aiBajappaapF w^p, ^HBatw^p^peaaap^Pta aRea>^ ff ^t^'TP*e^*y ^^wiia nwpa^w^a' ^f ap-^ a wwf^p ^^wnpaw^w^F^pwe' P^^ <t> 
tat early* abrupt anding of mtom aa<m*a %* emmtm* 
etudied* 
It appaara that aolantlata aawt aow baan able to 
find eat tha anavara to tha two probleaa, l#«v # (a) tha 
dalay la tat onaat of tat aeaaooa ami (h) tat long dry 
11 
latarrala in tha raiaa toting tht aoaaooa, Howror, the 
problaa poaad by tha early sad abrupt ending of raiaa la 
• t i l l coafoundiag the aelentiete. It aay bt noted that i t ia 
this ©haraoterletic of aoaaooa which vorrlee the ffcraera 
moat. Generally, la aoet dry faralag area* of tale region, 
i t raiaa froa lata June to early 8apteaber» However, at 
tinea, la ooao areae thara ia no rata even after tha firat 
half of Auffuat, fala largely deteirainea tht crop pattern 
aad erop varietlee* 
Za tat eaao of delayed aaaaoon, agriculturlete have 
devleed a a air etrategy* Sale ooaoiata of a proapt awltohoiFer 
to varieties which art of ahort duration, Zf tha dalay ia 
of mora taaa two to three weeka tha arop itaolf ahould bo 
©hanged ia accordance vith temperature conditione* Za order 
^r^/F w w W O w aw^ gbwp ^ a>a^w*M> w^^a* w a > a^^w*a^w^ai>a ^nea^'a^ v i a e aaoo* w^^ i^^ p^aea>|^ ji^ ™aai *P weea-ae •a^w^wew^Bhanai^^ 
schaaa of eubetltute cropa ahould bo ready at hand for 
implementation. Thie, however* open* opportuaitiea to farther 
inveatlgatlona ia micro region** 3he growth behavior of 
different tropical aad eabtropleai oropa vhioh hara tha 
potaatial of being cultivated ia dry farming coaditiona ahould 
§ Xrlehaaaoorthy. C.H,, Director, All Iadia 
Co-ordinated Reaearah Project for Dryland 
Agriculture, Citad by Baagupta, f#t Hindustan Tiaeo, 25th October* 1976. 
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bo carefully aaalyaed and the replacement bo aade at minimum 
*iak to production. Factore auoh an the oooaomie importance 
of the erope, their tiaee of sowing and harveating, and 
thai* viability in thi perlode of aonaoon aberratlona need 
bo taken Into aeoomt* Una eropa la the dry farming areas 
should inoludt both food and fodder to meat the reauireacnte 
of the lamer and hla draught cattle. 
Prolonged parloda of drought la tba rainy eeaaon, 
aot aa unooamon chapaettriotic of tba aonaoon, cauaaa a 
considerable evaporation of standing water la the fields aa 
wall aa loss of moiature la tba deeper eub-layera of tha 
a oil . Pron tba point of view of agriculture, tba aain problem 
with that* dry spells la that they art extremely uncertain 
la occurrence aad vary la length from place to place aad 
from tine to time* The rainfall distribution aad the number 
of rainy days determine tba Intensity of the dry apella la 
the aonaoon aad tba evaporation rata aad usefulaeae of the 
total rainfall, 
(Che dietrlbution aad reliability of rainfall, tba 
actual number ot rainy daya la tba rainy season, tba duration 
aad number of dry apella la tba aonaoon, tba amount of 
rainfall la aaab wet open aad lta effectivenesa la relation 
to tba total rainfall have yet to be adequately aad carefully 
examined. & detailed atudy of thaae over a long period of 
13 
tiae aay aelp tas eeientiete to arriye at certain 
generaliaatioae about their nature, oocmrreaoe and behavior 
2m eoa* of tat dry farnlsg areae of Western Bajastfeaa 
aueh as la Jhoa jhmu, Siker and Pall tat probXeae of scarcity 
of 
haTt been overcome by tht Introduction/hybrid and iaproved 
varieties of crops. 2a* hybrid and laproTOd Yerietiee of 
$osar (Sorghoa miliars) hat* affftotlvaly prored thalr north 
la eating tha jfessUi crop. In particular, the abort-
duratlon-isuiok rlpanlng varieties have quite often averted 
tht loam of harvests in precarious monaoen conditions 
resulting tram lata atart and earlier ending of tha aoneoon. 
Xa tat arid arts* tha range and choloe of oropa la lav too 
Halted thaa la the asai-erid arts* becauaa of a soaker 
water balance altuatloa la the arid areas* 
During the recent yeare a eiaeable increase la area 
has taken plaoe under tha hybrid and Improved varietiee of 
Sorghum on the eastern drylands of Veatera Bajastaaa? 2as 
6 Rao, S*B*?» sad at *1*» "Jovar Tlelda oan be 
Stopped Up la Drylands % Indian Farcin*. 
T 0 1 * A ¥ » SO*IT* IfOOf, PP*17«*lo» 
? Priyavmrtha, fi«3.B., "Bow to Oat tat Bast Oat 
Tol.XVI, Io.3 t 1966* p.30. 
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normal ylelde of hybrid varietiee of jova* (| 
a** reputed to have acre thsa ooaftaaatoft tha fall in the 
1» tru* that Hi* higiwyielding varietiee generally rtgiatar 
greater production than fit* traditional varietiee. T»t, 
due to erratic behavior of tha momseom in taa arid araaa of 
Ganganagar, Bikoner, Jalealaer and Bazaar any eigniflcant 
stabilisation of crop ylald la alrsoet fcnpoeaible. However, 
BtabilistaUion ova* a large area mm be achieved by maintaining 
tha yield average, 2hle can ba data by inereaeing tha 
yieldo la tha aaatarn real* of Jh«i Jhunu-Sikar ami i?all-
Jalore, whlcb hava better resources of watar, with tha 
help of iaproved aanageaent practices? 
Ueual3y» however, tba aaou&t of rainfall alona la 
a ^ * ^ w^  ^w^^' ^w^^^p,^w:«w^B'ww'jHj W^^^^PF W^IF^I jp M W a t ^w^PfM ^pjeaapape^wiw jp |w^^M<naawIMP^^*^r^wia^v 
playa a very significant tola la determining tha effeotivenefla 
^w*04 «a^w i^aw»a<^ww^wfrai iww^^w^w • p^pa# w,a>^yaFaa i^PiMHWt1 <eHaa ^^awaa*aP**™» a^^ ap wwe v^a<e*j|a ••aasKjfea 
temperatures tba effectiveness of rainfall la oonaiderably 
reduced whereas la tha temperate lends which hare relatively 
lovar temperatures a similar dafliolt la ralaa baa proportion-
ately £•&*•* raparooaaiona, 5hi»t however, say not hold 
good for thoaa sub-tropical areas which have continental!ty 
and suffer from great extremes of taMperatura. 
m/mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
8 Swswlnethan, M»S#f "Seientlflo Management and 
s o * 2 f 1972, m*\^ 
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It aay further ba nottd that th« •ffaotlYantaa 
of tha raintfall i» olao lOlateft irLth tha aoiatura-abaorbing 
and aoiatttra-rataining charaet«rl«ttc» of the aoil and too 
fflan»gtatnit piaotlets, Thia only ra-af£irma that i t la not 
only tha iLnfluaac* of out YariabU but tha eoabinad 
influence of aeYcral faotors which determine tha effeetireneeB 
of ittlnffcll* 
• BBItflUfl!. . « IVitf: Jaa& 
Bfr farming practice! mtfo t*ial and owror method 
ara nearly forty oeaturiea old, la India, however, effective 
atapa In thia direction were undertaken by tha than 
Imperial Council of Agricultural Eeeearch in 1950*a. In 
1935 fl*o rational centrea at Hohtak, Sholapur, Bijapur, 
Raichor and Hajari vera got up act experimental atationa in 
different a^pro-ollsatio ooa&tiomo. MxUme inveetigaticiiB 
war* pradooinantly conducted on the eeoi-arld and eub-hu«id 
landa of India, The natd to aatoi ewpiisleo in tha arid landa 
waa realleed later, elnee no aa jor reeearch centre wae 
eetabliefced in tfeo wot and vari«d arid landa of Ra jaethan, 
e^w mf **a» V a f ^ p ^ -le* ^ ^i^^^pwa ap*a Mtaa %MKJJ '(•'a^ w^ WNiawMUH^  w n ^ w n w a *W(F e*eo^^ 
identification of thraa distinct phaaee of reetarch approach 
in this flaM la India* 
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(a) ffet tift phaaa of raaaarch work, from aarly 
1950'« to I960, largely ooapriaad c ganaraliaad and 
obearTational aaalyoia of toy farming problaae which wara 
scarcely aupportad by quantified data, 
(b) A revolution la reacarch eipproaoh enaued la 1960*a 
vith the OGaalaaioniatt of ajtriouJltural raaaarch sodiaa «Kih 
a« central Arid 2one Reaeareh Inatltute, Dry fmssiaf Cell* 
la Indian Agricultural Research Institute uadtr the auapicea 
of I CAB (Indian Council of Agricultural Raaaarch). This 
phaae introduced a general quantitative analyaia. 
<e) Tat anothar brisk revolution in the reaeareh 
approach vaa witaeeeed in 1970'a nith tha introduction of 
AU ladia GmttemM Research Prefect on Dryland Agrioulture 
and tha aetting up of apaoifio re«earch station* fo* 
individual probleaa in different agro^&iaatlo regions of 
India and tha International Crop Kaoaarch Inatituta for 
aeai~arid tropica, During thio ptriod, an intaaaifioation 
and specialisation of enquiry in coapartmentalised and 
Quantified foro took place* However* tha shortooaiago of 
tha work iona in thio pariod ara that raaaaroh oo far has 
bam naialy data oriented and tht integrated, aulti-
diaoipllnary problaa oriantad apjoroaoh hao been relegated 
to tha background. 
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Anongat tha wuplioot voifko on toy farming la 
compilation and analyst* of iafomation la taa f o » of Una 
f l irt monograph of ifa kind on drj farming la 1944. 
3fa?arthaltaa» tea* tangential and «poradi© attaapto of 
San (1940), JetJdne <1944)# and Hoaaia (1944) **?• not 
iPwawwiawaaaaao j« ipaa i ap*a wow^k^p wsa^aaalaawiiF^aa aMwip ^wHwppfc<a a* ^aaamraPTa •ajipjiwaa *a^p^a a a 
ftttfl III, Jflfttftffftfllft •*** eoattiottfcioBa in dioguioo to *&• 
d*gr faming roaaarch, 
a good daal of work haa %aaa piurauod oa agxtsnoalo 
practical la dry faming, A numoar ot pulaea, oaraala and 
olloaada hsva baan taotad md ahort-duratlon, drought 
vaalatart aatiatlaa nata boon afoifad* Haam of 1>hi8 
litaratura i t found In 4fflfif*?# of Arid 2ona« XfHtfaffi Faming 
and Indian Journal of Agricultural Salaaaaa* Eollar (1967)* 
Daulay (1970), Bain* (1971), Pr&iad (1979)* Kami (1975), 
Chnudhari (IfSO) end Jhorar (19S1) mm a f*w amongst the 
a a ^ a ^^ ^Hw«Pk^ P^  B^F^ i^ ppt ^F.mf*P*™F*^™a'*a ^ P "w^a ^^^Hf^ ^ aMw'ii^ wsaP'iw* *a apaja^aaaw aaaa *asaa ^paaiw^p 4Mva*^ a^M,^p*ja 
Saara ia aa paucity of noil •eianao raaaareh an 
i f f faming load* of Waattrn fialaat&aa* InTtatlgatioaa oa 
•oil •truiotura and tholr w t w holding charaotariatici, «oil 
conaanmUon, aoil aalinity and alkalinity, traoa alaaanta 
in aoila, microbial anvlronaant of eoila, hard pan 
eoneantrfttiona in eoilo and »oil profilaa haTt aaaa prohod 
IS 
lat t* Son* 9t 13UHM tttii^le tmm \mm ef«y2««t»it la 
afi# t<i 0ui|^  #ttt ^Mi laHftiMitl^B (Mil ittSNl pi& (MitOiiitiiitiiOiic 
ftt fusing #i^ 1tiui 9Xk owF WMitiKR Bii|iui1^tei wnM (Uji'l^tpatl.in 
of soli bisyiMiit m m wtHoftX •oiiI«# &! • idLli l^lbti^ 
C9970t i l t t l^ (f9t4)» Hiir (IfTT) and 4%y«a Clfit) luii* 
i t i i i i td VKJ^ QfOi elmswd^^plf^e* of tlit to l l * 
l^samtovjr tilljieo, aoiii^cro iitoftco miL mtoip 
liayvtatUMT « ^ ^ ^ laforlitti! toolail^ i^ uNi of isisr fMoilag* 
tofk dsRO at vwptont dx^lmd fiB^ m •ts'lloaa IkM vnpfliftfiitoi 
%aslo l»ioiBuitlQft« folnMil mk& empta (f9i9U sla^i Ct9^) 
•aiS Vftsitt^ yiaJl (t97t) Ittiro losflsid <aa ilofitllSttgi Imiftliig tad 
oentoitF fiunroiMi* ftotftota «»i i^ttsilto of wtklmt Jmarrmtiskg 
ham %mm, oaaiomtoA Igr Etgo ( I f6 t ) i ffiiiar onA Ga|«i (t970)f 
3 l i i ^ C1973)« faiav ( I97i) i £Ei»«»i3^ (1931) «AA d i ^ ^ (19@2)« 
iloiotaro omooarmMoft i t aa lapc^laat imi omplox 
of Hui tallica ift Axgf £Btial]igf sotMycPii Imo iMiiii la ifsoroiiiaoo 
on afTMiliNlag fmoff limiif ofa^j^xvitlia laA €oop iNiirooSa'tlaa 
¥r aait l f la «a|« of ana^dag, Dil2oi^yii» fslolag vladoivotaa, 
alai«a!uil.lor Wl^$ vtaonal of iroo^ sift •«;Mioil aola^if* 
%axvlif»» A34 oaft Pfami Cf974)f «roi^ CI977)i &I1X « i i 
Bittir Ct9T7)t AI>fo3. «i4 3«Ei€ba (19it)t Donor M i Ifoao (IfSa) 
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woricad «%t in tlm wmti^imAA lMA0m of XIIAIA Imt la V««t«sa 
BftjMtliftft vlMrt tli« aoaMa aauitaal. ttiiilhai i» Urn Ut^Mmntm 
«s« •ffLei«ft<i3r lifti b««i oflRtKorod eonftltlflBAl* stoAit* «a 
ftrtlUttr 4otiicot» tifli* ana plaomtiit ham 1MM »»«• in tht 
good rttlainax jrt«n oa2y» BOas Ct9^}t Kthta Ct970)t 
DftTiSia aaft Ktaumar (1972) Iiair* vozttd oa i ^ pfotp^mtB* 
UtaHw oa tht n«aaooa iKiiiavlov «aA laeidiaet of 
d«0ii#t ofoif voattta £a|Mi^ iaB liav* iKKm aadto oa tho 1>a«i« 
of iafomatioa froa I901 to date, ?se1ia)ia^ » oa ao oHior 
atmat oo au<li voi^ liao lM«a Aeao ao «a aoaoooa sad dyeae^t 
ia tMo rogloa m€ ft oo Httlo HUM bota aoooai^ Uolioa ^ 
fozaiOato a toiy ofloetlTo amogaioat otiatogf. zauaoitt 
voirk OB alofo^tniti oliaSJ. $loXd irifj wofttL rooalto* 
EsiolSLaii Cf9l9t 1977t 1976) has aftdo oadioattlvt otudy of 
aotooroXoglooX ooadlttoiui ia thla fogloa. SalianaMaajrw «iA 
Saotzi (t97t}* Pai^ thiuNurthsr and Eoldkoelia (f972)» Soottlf 
Eoaa Exislaa aad Baaaaa Boo C1979f I9@0» I9B2} hato aado 
jfwatVf enA dioadal otndlot of aoatoaa ia HdLi rogiaB* 
lAtHf woft liao ^«a doao oa voxaolizatiia «ad Itt 
jpfoopooti ia ladia ia ftaoxal oad VoattiB Bajoatboa ia 
partiottlair* foxaolizatloa io goa«nai^ offtotlfo oa oillioodi 
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<t9t4) anfl Stmlar out 8la# (1973, tfSf) Inir* if^ktft tn 
ill j^ ioiioJteif'* 9bt «oi^ oa tf^iint laui mly INMMI lnildAl^^l* 
to 1 ^ fftSt tli»t tl» i^ 1»l»«Bi of ooovi^ lgr of solotiifo to 
ttoxo oonto la ^0 oidd laada* I I is oatfoaolir 4llffleitit 
to aoeotlato Iho luio^Ul^  <^Uaatli luiotoya la 1 ^ m^v 
ita«foi atttt* Xa Vootoxa Ba^HHtt aost of tho $iflm0» 
afo «il4 i ^ f t a«&i«ia«it fxaotiooa ax« lalaiffir'lUtflloiiJltCFis.ia). 
idLmBi as* fOif vmyte. tliio voieiiia tliofo ojea inoo ytdili lio3Ld 
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WESTERN RAJASTHAN 
PERCENTAGE DRY FARMING AREA 
TO TOTAL CULTIVATED LAND 
^.,. . _X;A 
DRY FARMING AREA 
INDEX IN PERCENTAGE 
91 — 100 
40 0 40 ao 120 
I I I I I, I 
WLOMETRES 
7 1 — 9 0 
5 1 — 70 
31 — 50 
10— 30 
SOURCE: DISTRICT HAND BOOKS :l»82,STATISTICAL OUTLINE, 
DIRECTORATE OF ECONOMICS AND STATISTICS , 
JAIPUR. BAJASTHAN. 
FlG-^ (a) 
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99V 9m% of tlM iMmA la vootom fia^tSuui Im mnAlMm 
ijiitfldn tiiit vo«i«it ^ 0 ;ri«3LA 4iff«Miot ^ t v i « i 
-Uto ijrvigfttoi wd dxar^ ^A }»im or poarX alXXot* (ypljiotai 
tinpiialAfi^ i^eb ftooowts baXk of tlw oiXI&'mloA laaA» io 
aiHirSjr $$ ke p«r lii«^«o» fho ixflm^L jdoU of te|f» lo 
oaXenlAtta i$B kg poar lioetwro tm ttgilJiOt tlio Impiifttod 
y l t ia of 859 l« por liootorot IK ooio eoaoot oopooljdljr 
ft:iea« tiio OAotom fiiBio» in iPall, oaA jrolei^ tiio jrl^td 
d&ffoyoaoo bo^voon 'HM dxy*^ '^''^ ^ ^ ^ ijnAfptk'^^A W69p iM own 
loot ^to» ^ilo« 31io ytoXA aiffoi'iiioo of dvgrlaai ORA 
i n i g a t o i oropt t«BiAo to iaexoMO teviofAi %h$ laovoMilac 
ftti4i^* Sxy fmtmiiig makm iSm noot |atfioioi«i uto of if»t«r 
in ftSiX Igrpos of f u s i a i « i ^ tlio piv^k^ oiooptlon of 
dvl>p lysii^lKlonf wiilelif liovtvovt luui Its om ooit aftd 
opotvtioMl UailtttKmt to smlilo AundiMi* 21io <f3rXaa4k 
otlMBT fiuttlag oyvtMw* Ao por tlio ytoomeoi «f»iitblo tlioy 
hairo fOirSjr lii |^ proj^rtloa of rotnsno* 
fiftiie 9tftt&otlot| Bftjaotbaiiii Blvootoiftto of 
£o«i««ioo a&o StotioUoot JoipoVf 1980* 
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^naiit* ^bt i 3« t^ t ia i •oo]«i3r let tht«« ttr«&» i» l&le*3^ t9 
ai»tav)» « » tksgiU Mix mvlfvntmt ^mm • a l l a i ^ «ti4 
aikaUaitjr is tXrmk0f m foxttidftVXt ]pie1»X«i* Sut tollst ^ 
lapftlrtd Isy loag «Qiitlw»iA inpigatlfia la OtniUUkCUff l^tauivr 
QUA jfftifttiwyr ntuirt fia^|A9tbm eaiudl liidtoipi vifH I t tlui fox^eti 
of oooloi^ eaX ^otqulll^Tiwi* ISm pttibXm of viitoi^^oggiiig 
hBM wpvmA isp Him a mmarn* In tlio OoaganogMr llotviot 
idHoli ooipxloto tettXk of the oaiiol oamiid ortm« TtM vator 
tftliio in thio ovta bao aRU«ii 1^ S tto^po or #f«i aoxo in ^t» 
aUnviaX audi vlad blow txaet. In Qm0mtsmt$ Clumi aoA 
MkHioy tho poxoitttaft of eaMao mtar as»aa i t 94*30 por e«iit| 
62»02 pov oiot a&a 80.44 p«f oiiit raapaotiiroljr* Dst Bilcnior 
aaa (aitam tHo h l # aalliiitjr %M altri%*to« to low imlafOl 
vhllo ia QMUBUuuBUf tho ascMwal'toly tdUdi taHal ty la Xafsoly 
rolatoA id1& eaaal vattr* Slwaa aalliiitsr llgoafoo asro 
dUtlaetly &L|^ wJam ooaparoA to othar dlatxlota of vaatom 
Bajaallwfi« Sba ooll «ai>lf*aaaiat of axid laada appirovaa 
Haaiqr Ixvlga^ee 4oaaa ata Hkol^ jr te byiag ^boiit iBifiatoajpal^ la 
eiiaafaa la tha aoll ohiolatxsr aad ataniotoya* St !•« la vlair 
of thoio aoii«tljr ompr^Madta «itA appavaatly Alataat throata 
tliat dtgr flitalai alieald ba aivooatad* 
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31kt UUm Cum^l of Agiloia.lBi«l SM«iar«li tii 
«o3Lia%ox«tiQtt with iStm CttAdlan GovtiSBiat ttarttA Sa 1970 
tlM 411 Biaift 0ooyAtaat»A R«s«Mroh ^9j«9t for Itsarlaaft 
Agxiooltayi la 29 f«itir<i» al l oiroif tlio oountfar* Cbo of tbt 
naia o |^««t&v«i of tlit oomell wm to fioitwp ta tanoaiato 
iaoz>iaMi ia tho yioiaa ia diylMid agvlouXtturo threufl^  a 
oon^laatim of aoaa^Btat pxaotiota. Zt bao btta voeorAta 
tliat a imteteatiaX pr&egmtB ia aoliioftag 2il#i«if pyoiiietivl^ 
•aft atabiJltod jpitlda took plaoo xm0mf tlio pvo jo«t« SlM 
toolttologi^al iMiao would oaa^lo aot mljr l i l i^r mA aoya 
•talilo gyovl}! l a ^ ^ t i»alA alao atipiro a aoxa OQitl^ l^o 
dlatfittttlcii of galas ia iilforait fogliiii* 
Shoa^ loot advortiaoAp tba aohiovoBoato of diarlaad 
azaaa ia iaofaaaiag food oatpat JUI t}» laat 20 fmam haft 
h&Uk tKP aofo aoootaottlar tluui tllioao of tmrft aiaaatt S^ 
four dry atatoa la tho ootatigr «*•• Saiat^saai Oajaratf 
Mahaiaahtya tad EiaxaatalQi pi?odttOO aofipl^ r oao^fiiavi^ of tiui 
oomtyy'a food bttidoa other pt««loi» oaoh oropa* CN«r 
^ por eittt of the gross eroppod aaroa of thoso stalmi goos 
vil^ioat say iirigatioD fieudlitieii sad law to patap idth 
saall stdafsll* 
Toiaaliostiini la a aov Hiepo ia iMs fsmiag* 
?oxaaUaRtioa mmmm haattaiag tho flow«ria« sad fraiMag of 
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Hfiag atbottt » f«irol»tifla la dfgr fhimlag* It i« « li»« i ^ ^ 
la • t i l l a3ao*t imvork«a iA Xadlft t«t t)i* iltecrftvlM ftleng 
tbia Ha* wijr ^ of «r«»t i^ nMtlctal tapev^tto** 
nxf ftmiAg ia s t iU la ^ t »tato of lafteioy aet 
oaly la la«4ft Imt p«r)iap8 thifeugltofit ^ t norUt Iaa«1di»|j»s» 
i t pfovidw a atv liopt for tlio aiplialtasal Am^tXopamt 
aad oeoaomlo ctablUtsr ia tiitio acoao* It* pot«itial li&o 
aot 1>«in f^ ilJjr apprteiatod* SSio ozvpt la <lxar faoalag avo 
endltlvatod la a itoza oaidtwant* JJsejf^ favateg ooalA ytwpf 
aaoH aSitor tiio oituatiQa of thoaiiaado of poopl.0 idio hav 
a bfiiiA to aoa^f vaad«yia« oiiotwaoo. 
Vitb tho oiuitiaatA offoirto of wmuf^ laotitatoo» 
8u<^  aof CoatiaX Arid soao Boooasroh Xaotltatt (jrotfl^ ar)t 
ZadUa Agrioastazal Botoovoh Zaotltato (Hov so}M)» «ad 
ZatoxaatloaftX Crop Eooooiolk J^otitato for a«ii«&rid Sropieo 
(Bydtra^a) tho dxjlaad flunor i» Zadia i t atanrod of 
povtrful ottpporl* Tnr i^or roooaroli vorl iioiild taal^ lo thoao 
arooa to oiploit tholr potoatlalii for a Iwttor ao&d ooearo 
fatiiro* 
vtat«Ri Raloo i^aa la a googmiMooX oatltr la it» 
oim* Slio aroa ooaprlooo 12 diatiloto atot of ArKvaXli 
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aomtftliia* Xtlttilot Sitohi In tllit tov^ IIM mot ^ « 
0<SMidtx«A ia thlt idifttlty b^ OAiift* of !%• dl^tlaet oUsatie 
rtgtAt i^n^ ! • aoitt to «itb«4iaB.id« lh« staa^t th»v«ldx«t 
•Ae«Bpa«9tii II dlatfitttt uliioh tiKft 64 tult^aeilt* «all«a 
vayiO!i» gevvsnatat •c«i<ii«*t e«ittti da^ ind tli« diatilet 
luBidbodIn* Hiipii^liil^d data la UXt^^ larg* aiaiWm hav* 
iMta nMd fir oUaalit «aii3^it, lQitt« data liavt tmm 
olitalatd fr0a ••^ •vftS. •oitrddtt* aota l^jr txm Om^nX Afld 
2oa» BtatftMh 2astltat«t <rod2^ par* On ttolmleftl atptets of 
dssr fKWtttff jpxlftolpltt data vas gtatrattd lii7 aalctag ti^lA 
ititAia to taxiona ofiitxtt of avid wm% m&tmxth^ 
3lit •tiidjr luM Mm pUTittod at tobsil ItvtXt 
HoglOBalfatloa i« ^M aala appvoMh of tbo stodr* Al^ iotigh 
agrlooi^anil aeltatloto haw aadt ooasldtrftlila Imtdmr la 
ttiudjfiliig ladl'vldual pxotklMui of dtjf DuBingf Idsdo otudsr i t 
alaod at makliig tht totality of vlov tltroii«^ etocva{>lkl«al 
ojnitdiMiOft spatial diamoioa of attoofologiral da^ io llui 
l^ aaio of roiEionaX elaoaifioatioa* 
TbM ttoaa aoatlily pfooipito^fitt ini^  iki§ aoaaft asathljr 
potmtial Ofapotraaopimtioa data lOr tlio pariod 1901*1980 
haa \mm takan to ftad oat tba ariditjr oaiia.tiotta at taliall 
Xtval* iilditsr iadieaa dotiag liftEll ^^ anaaar oirop aad jg^ 
or vla^r orop iiava hwm vorkad oat to ra3ata liHi tlia 
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natart oA latawltr ot «>• pnblaa la Moh giantai • M M H . 
^ 9 (Mtftiamili Mfla&17 wOieMf •l^ jp^ftjUu.ljf SA |SBKEM» MMMMMHi 
Q *^t« atge^M^«* S«rll<KP vt^^Mt lt««tf«r» liftd %9m 
ii«Rt9#t«4l oi llw mmvAi aifidlV laM«t» aa * • •MUX* ot 
III ftAQltMa ia» xttiiifRXa. mt^ oo naiir «v»IJAAi34t^  
uni t fWiUI IH&StolS ^ ^ PMBI^ ft<GBIiitm tBStA 1 ^ IdttBlldlLI^ I I M I 
•imi of liMi4» ««!•* itti v i^b-ifteitt iHifiod* ^atof tut iwliiy 
«tm8ii« 1MB hm ^tm Wmsk m mat tft idtlf* mmw»m in 
mrop p%sBBBi$M§ iM ilfftcvftln imgSfAiM l^ rani^ t litfinffl-lfy luui 
%•«! y«6l»ii«d i^ 3r & 9«rioA f 901*198! fe fliii mt iHm n»imm 
ttiii deeiiiry«ui« ef af«ii|^ l!8« 9S^ t liiii.d«iot of dfett#t» of 
elioir its m^Umt SM VMIVHI B»|ajiti!iaii* llio inf i i f f «i tiio 
•pattal pittMn&i of mwimmm&(^e9X ^mmmm im» Xm& to 
OdMifoy mSoivtiiidlAg of tlii aAtniM^  of dff fnimtitg |tf*oM.iR9 IA 
tli* iPt^ flEuat ptrapiotlvot Bdvttori thiaro «ro A ftv MaitfttlOAi 
to ^m v%^m»l 9m3^iM iriMro dftt» on toBO w i^Nittt of 
%m^ net novo not AiniilAlil.«* 
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I t is litU«fti Hiat tli# Iftdiaii 4Mi«rt i t K^ 
iptftDutett III ^« piuit md i» m«3(«£!»f« iFttetBt I& oxiiiii* 
IWtWlf, « !« • i i «Bfi* tfldWI©* t» « l»^ i l tU9 lMlU«f 
t ^ t Zndiflfi d«»ex*% i« a i«a sad* ftatnta mS ia f«fi«it la 
ofifSa* tEk m^Wmam^ C^« aaeiiat atie atai^ r* «i ^^ 
•vtata £rea I400«f000 S«0«) »iA aarliar aaaiiiit iittfataya 
raftrmaaa «e a iMaiHi aa I3ia toiioi af 1 ^ iag^Afx Saraaiati 
mm 2am6. lfalia%faawita vaaairda i^ liat ^« Faniafaa la tliaiip 
immm isoAm • « i ^ * * i ^ ««•» a Staiai aaa axii Aaaart 
I^ MMi fiGMUBii^piKr 1w> £iiigfalE& aa I^ Hi iMiilGt af ^la Sanunat^* 
Maltatiluuralbalad apaalsa at 1 ^ Saimaaatt, aiaa|>iaaviat in tlia 
is i i^ lit 1 ^ aaaart* 
I 
Slia Sasatfiati liaa liaaa itaaribad la yf^ii,& 
iitamtova (pfala%l|* f f ( ^ B»Q» ay aarUar) 
fui a ipnnait'l vivt^ p «M» ippMtwf a<pm l^ toa i^ ia 
ladaa aa& ^^ Oiaicaa* By tlit "^ aa af Ma^ a^iaxmta 
ita vm^ affitvaa liaA di?iaA up. ptateltl^ HaaavoM 
af tlia aaatarljp di'vavaioa af ma aa^r af tiia 
Taaaaa* fba lavi^ aaKiia in Bilcaamf aontlaiaid to 
^a vail, aatarad dturiai 1 ^ iiavaaiw af il^ aHUdav 
af Haaaioii la ^a faar^ atatasjr BtC* md of ^^sa 
Axaia la tha alatli a«itax!^  A«l>* 
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tilt d«Mrt is 4a« t9 WeaN^gms^9 ili«iii«t la ttM pt»t» 
Mffwnmtp ^it oxig&aal QAIUM of tNi dtiort eaa li« titROOd la 
goolo^oal>9 |ilt|vlc!i(ii^^o mA li3fAt?#if9l^o liMS'l^ inif iisi 
^•toiidsmtlai em %»3te0l^ %» attvilfatodi to aia? 
fim Aosort of v«iit«Ri Eajift^iiii tmm mtm Iftto 
•xle<^Beo a»o ^ eSiaatio ooolUatiaM aftor tho yotytat 
of %im Imt gbaM of ilaolatloa iasrlag Hio fXo&ttooiaitl 
Avii ooedltioat la wottosa BaJaitlMa appifur to liava f l m t 
wst^^ "^ wa>Wp i>a'ai4wWNiii^ ^a ^PPWWP IWI^W W ^ ^ • • ^ai^w^^w ^ni^^^"wa(F^^ip ^••• ' '^ ^i ^ W ^ V ^ ^ ' I W ' W P ^^••i^»^iP i^ w^ |m"P 
oliasaotoxlatd %gr a amiior of dif oaft v i t i^ittt«i« 0MI 
l i l g ^ arid i^ lUMMit iMfO iKMRi aiioeSa^ft with uttm^ ulaA 
r^S^o iad aeeoBiilatKxi of oaai* fHo i m i afpmta to INwt 
Oflglaatoft f i ^ t&o %faaik dowi cf 3i.^t tixtaxod aJdtttfial. 
p3alaOf atrtais btd« ant cauli otlii«r oarfaooaf 
Alnadt A.t Stautt Qooffaj^ of t ^ ladiaa Btooi't 
oapaliUtlMiA fa»X)« ISioiiOi iswpAxiamt of 
Hialnaa* il«s«t ^aaolagioal. Siotoiy of Ba|o»tlMa iafl 
i t a fitlatim to Pfoi«(it»aajr Coadltlono** 
?yooooilaii of 1 ^ SjvpooitiBi oa Ba|«o1i»ii Bioort*t 
^at^ .. Siotft. J^i>. Biana, f9$2» Pf»1§»91* 
I M . Mm i i i l p I l i f i iOr• lAoafliaio fywiot 
BOa XOWKf iyfO^« $ M.rt B«f* ot ai«« *laaiw i j td Zona S<^lt #» f?oo«it 
stato of BaevlaiiO<*i ]^ fiy,,pyyo«f^ f^A. 
? f.M^ i^TTjRnTfTv5 -
30 
pm?^elmn la V«»t«m BA|A9tliaii haA tH^r ^tkgl» la tiitt Bonn 
of ^tcihl ^M Mai fti^elLM ai?« ttaia to ^ «f aatiat 
ovlgla «nd ateUffii io«««« l»foi^i'l «ad dopMittd tiiia la 
m* foxa of oaaawiwMi of irastonw iskm mM aliapo* <loolo@l»'l» 
aai gootoi^piK^sioto boUovo llait %h» oaaAo vti« fiioa up 
in !iispOt xidgoo sid olMot mpm^iMpmim ^«aooltoi mmt 
maM oVUtotatMig ^o f3r««4toovtlo fluir t^ol tofogtaplNr* 
fl»fo apt ao poailiivo i>i^iol>o1»»iital oviitaoto 
pmmmnjf amvllalilo about "^ lo ol.««i»«taiioM i^«^ 1M& to 
^ 0 oslgSa of <^a doo«rt| %fat l^t lilotoiqr oai^oto ^lat 
i t aaat lanro ofiilaattd aottotlai^littvtoa i^m m& of t!io 
tlloooao «ai bofos« tlio A S of IdM last ^aolal^«i« 
Sownrort laev^yilag tvtafi la tlii» ariaitf vilaooaoi alaot 
tt» Booaao tiaoa ma i^oito l ^ t Ifho afidi% liad tot ia 
das^ ag oas'lir ^ 8yiA«Qfiat«max2r |»«riod «a6 i t taiaoA lato a 
doaovt? Doaoft eti^ im ^3m vopiit of teoio ^laafta ia a 
•da^o «adi Motio laotoxs* 
6 ^an^jt 8«, **3(»o 4«poeto of ^m doiMoifpkilagsr 
of tito £adiaa 4xid Soao**f Smaoalia oa 
t Stiansay E*c« aad Eindmi !>•# *]|iaim l^tsavti 
fipoeooa flBd fattona of Boaortifi^tioa^i 
31 
mwpBBadM.^ t^w tint d»pd«iti«ai «f flilele ft3J.ixfliUl a»1^xi«3ji 
of '^0 prioi^ indUiiMISt OIMB&OIJI txi HHI oialanidt SmI l^ uidysf 
ftitwmato y^m of mt^ areoiftoi ilo «iite«««iiiiilj« i»t%^«i 
inMoRl^ «»t tlio aUiwrlai pUim oiEpofiiiiooa i i f f t fwt 
iatantltloo of smlaftO.! Sa ^it i^ iittt 
flio ttajor i^ t^tfiflul j^ a^to z«apaiai%lo f#x> ^la 
dopoaittoi of auc^ of « » Olntifti aatavtaX aaa folSowtd ^ 
a aajoif At^ r j^mm tlmt tomlaatoil asroisiA €000 foaia B*6« 
flila pliaoo aaa riafcaaiWa Jter » aai^ matw «aaa teHMlai 
aotiii%« Sag* limiitMlaait tmaivaiva taa puem^Uo ftmoa 
of 20 lk> 70 ao^Pt la lMi#t nmm foxaod la a«i|r parts of tim 
doaort dttxiag ^ s dzy i^i&at. ihraa 8CK^  to ?iOO yoaya S*C« i 
tilt ollaato apda %toiaa vottov loid flatiai panioootta 1»«oano 
€«ala8!at agala» dovaloplai firoiti aa^r lakoa at S«iliiMV» 
Biaaaaaf iaa X>miaxaaMir* ma oiiy piaaa aeaia aat la fsroa 
5$00 jr«u« B«c* vliiai trntk wittr lalcaa ^ p a to Ai!3Mip «id 
aa^Uiiil^ latt3Ptaota to foxa oaHao dopvoaaioaa* tbt atrat lgra^ 
of tlia ioHaa dapxaatleaa a}ao hmam ttatlaeay %» mm ^Mit 
^llaatio flaetuatlmot & t aoocaidas^  oUaatio oooiUa^oii 
liava talna iilaoo la tlia tooisit tiaoa %ttt a Imii pllt of oaadt 
oYtv ^it ladlifi d«oo:rt dooa aot t^flm tlia aoggoatad 
32 
tlw sain eamf of Hi* oirifla of Hio Ai««y|« 
fho «to2o^e»l ttBiotiifii of Vtotozn m$9miastm 1» 
qultt eonpslwi iuo to f^^atoA tfiiii^r«em,«et8 m i i»<^prootittif 
of ^10 son »A i^ oolE dopooiticBo M i0m latofitt fOiloA* 
4patii fgtm 1MM$ 1 ^ toot^lo iliitoj^aaoooi iMOli oooonroi 
t iat ona &pdi«i Isftvo |»la^i n Mao aid stole gmo of 
ottstie^pl^ and meonfomi^oo of mek •traot«fO* 
DJUMitfOflitio fotooo imm ffio^Sidoa ma msoalAoa tlui otfuo^ifia 
fotttntiOBji tSifoui^ an laoTOii^ Hy lyeng «|^a of tiao* 
Ovoif tlio oa^iiit ipnoieolLo eon l^ox mmm lata 4oia 
tlio Af»f i l l i d^ooitt in ^ 0 tiuafiiAr |»«riod» i M ^ bad * 
os^ dod o3itioe'l 1N> tlwif otiffl^ la tlio l^ dhgrao foxlod* Tim 
too^jBio ftotlvi^ ia tlio ot«ta<^cifi»i poiriod foailtod ia tin 
fHS^tiviiiatioa of 4zai^3JUi« 
ftm ktmfBlHB ooasiote of M^lgr foldod and 
aotaaoin l^iottd rooloi* ©losr iaoindo ooa^idofii^lo aaooot of 
fixwaitoi* ixvbaoaai i^afiiai?|ja« Caddapli and molaoaifiod 
oxgrotaUiiio toola* Th% tiadltarm roolw of tlio lato pfo^oaabfiaa 
to oarlr oanlKrisa pwiM oadUit aoav o^dtistsv* 
33 
t«f4»i^t« •» • feiad la wmsr mmm, » • •«» tmti^irtMiioiMi 
0f ftiKinei MKIHI tx^Biiit #t«ir lm0B mmm la Sm^fiili Ifnt 
wmm U M ' M to a iauOl metm la V«9^m 8«|i«lii»i« AXB» 
of til* wiA i m t ^ ^ f t lw lama»^ paarlt of ip»tt«»i «aA 
•otttlmtsi^fA EftiiAflim f i i l i t ^ t t MioeiRio f»ne#* ^IMHI 
ttftflao totliMiit* v«s« lat tr <» o r^orliUiii tijr I3.iitj;*3. dopotl^ 
of tlMI (S^ tCCEUKIT' fCKlttdf iriMCk "t^ Nl IJUlf ISnKlilgifOINIPiOII Of 
tim wm $M %imm «r«Mi tmk pl»m^ 
of m «ial.t foot of &toi»Ui* S^ o «I i«f l«i oa tfao uftlifoif 
o i i t 10 10 aotso tad m ^lo dom t^ arov tlHo atto 230 motro* 
Slailair24r o mat htm Urn Umn^tU^ aoor Boiaoyt 
0oa««ao«.*, toot of ^Xoro. imm^ « i iTop^a f^ i ^ p i r f 
"KHo ^ lamoolOf Grol^ ioooiio oaA BOCMHO poifioio? I t io jrot 
aot olooir ^0sam. tMo pottioa of Vootom Ba^tlum WM upllftoft 
S iUoKoif f«• »fott«iifK aaid ^ # Bwl»ti«si of 
too M^wtaKft iMiaiMr«*'f ^pfoofpafp.,, „^ f|. 
I^rioliatiii l«@*t op« oittt Wt$ $f*i9*3%» 
34 
tern %lm •«» W% p}mhm%%^ i t m» 4mfi»g m$jf»v f»rtlafy» 
nhm %m0i aalw» sna tmmm» i i i # t Mm Urn Un l» ttm 
%fm m€ uliloli i3»#ial3^ «ri*« mp» flit Swl^wr IfOni MMIS 
to lit til* t«BiAii« of «no of f^tto lAh»t« 
Hit n^ i^M^  OmavMia oaiMliilKiiwi In filfiiliify iiiidovMt 
tk% ttm imm S« Biif «ai f olmiwi« mmm mm m^nmtmt in 
ft^^ftzsnioo mem im ri&m^fm mmAmim** fiiof Mo 
fiamoyt tbo oftnaotoiioo Iwfo oottiairlao oirii^ i&i lioSoiif to 
tlio 9T9immm pofloA «ai ooalaiJA flaat foooilo. «io 
iisootOBO m i OIIAIO fomotifmo of jloeoao ayo viiol^ 
iHi|FfooialMNIt in ^oliolAi^ litid BilEiii<Hr« 
Of m^ylielal. osp !»io£iiii« agmoioot h$M i t i t attsiMINii 
itof«t«iti lAttfiiKg ^ i^9p%mm%$m$ m^M OIIOIMI^ in tbo 
^waiM»e$ ojritMit ioopiaiiis of vttOfwtftliJio and t ^ oomiofiiiit 
4xfiA§ 1^ of ^0 im§$imUm* flio imifoim of Mwraa^iali * 
wMm^H i^p^^^lWMPk^WOW' %I»^Fjpr^W^^* w ^PlOa^P W^yjHr^l|^^^<t wwHyawiliSP ^a|N|t^<»^lfc^MBO wHb^jfflNOliP W M B ^ ' T M I W M ^ W ^ T 
imdof3|l»i fteUgyt o'iioinl^o i t i t «la<Hit a l^rol plala 
35 
g90ften^6 img^Bwimm imtUvA* mmA INAMS asiiA t&7» i^'^ 
polifllitA tsiyiittttt foznatioi &t emmt « i i f^ 0Qiti«i I^U^mi 
mA Uttmprn^ tfp— of AiaiM mmh m loagitttilttalt evt«««iit 
df 'mxjims t&m mA §%m sr« ^ « sost iottla«ftt f«fttiif«« of 
tilt i«li«f Sii v««tixii M^^ksa* Hit ot^ar tt«^r dotftUa 
of iSm InUlfofB art ^it a3Jltiyial. ylaSAtf ftftlt diqpiroMi^t 
and laolatoA Imt MXi» w^Mm ft%<ivo 1 ^ alXufial pSjilmt* 
•^AiitMlNi^  itsort pladUui liioliiAiiig OluiggMf a^ UboEVial. i^iai^ 
Mttul diBiov M&A tattiy olaliis loid laCUuraui ftlMiittd ia liw wist* 
9^«« tap* e«*«twi» £»ilt »<»upp9« platttttt top (mt pMmJPltJl 
duaoo ia i&lt afomBul jraJLMilfflioapl Bovowp* Uto IMMIIJI of 
lottdfoai «xiMwia««^i» niti :taz9iiy iitm iaiattt4o, *oUof 
ftftd •na^ eifteiibl atpoiito* 
flio giiiofttl. iptliof iiio?(iaat» fron «••% to otat aaA 
tlio e}iiaifti OINI gsmimX (lic*2)* ftio troatoin Mad?' plaiao 
10 Hl«fa» 7»Q#* *^tiBPp|g, tf..iiliii.lpteii*! 
loaai sooi^  Unuit of IM0JI^ MmtU 
sow fioUiit H^» 9«0« 
11 SaswgrwMoii I* ot »!•» ^QmM$Bf of ^alaaSaoif't 
impuliMolitit 19$1» p«23. 
36 
FIG 2 
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mm iA%9m^m9SL W M»i 4nm«»f sridgmit f«i«92jia«A ifiiMimmm 
tepdimplQr la ^it «xti<iA« wisttai peifts xvafm £r«i !IK> no'teNi 
t& m^ tBO m«tr« ftlsovt M 6 l«vt:i« & • urt* l» ^ ^ ir ielai^ 
9f fiasin of Satdh in ^ M «e{ill»fii«i^  M» irtljl«f •v«ci !••§ ^ IK I 
parts, Httm» i t atir«if «m6«it im a«tr» sad i t aottljr 0m 
te tli« •xiatiBdt of &»&••» •fotiimia M i l t of lfal«iii 
"WQlMmlm aa& itaittoa** vhieli do aot xi«« iiigli* 
Afsfftiiis f o » 1 ^ ifftti»f divii« ftft v»i l m ^im 
•ftttt«tsi Ua i t #f m»%$m fiajactlifai* HMf tmv» li««i 
tlidsntiglilir 6xtNliiA nad Mm tlit fHttBtaets of myualaiiMi vMoli 
nnfii gipHslsici Dttpi i^ i^ oft a tSji#« lli# Afttvttiiiff JtofV 
•jraeiiaftl fold* and «&ti#3.laftl vidJAFt* ^ t ]?tli*f of ^^MI 
ftHMUi ««»t of AiftfmlM dioplajW iiaadjrt io« vftttrod «td 
• t t f i io trMi»« flMi Ai*faiH« 9dm$ t i» otistofa l>owd«*y 
«Qst»i»t of tlui oXdost fold noimtfklii •tamotixros I A tin torid* 
Httorttuiloooi AfftY&iliJi mm aot « fomidalilo 
t»anior to ^lo maid ortop toi«:rd» ^ i * ^Mit« ffosnof^rt at 
tlioTo im m^9 ia thi fsagoa and t i» jBiaptila aJUUxiiai plaiaa 
mmmmmmmmimtmmmifmtmmmmmmmmmmmmmmmmmmmmmmmm 
ta OtfoitftrlEajri B*4«t "Gtoaot^iio Soti»i^ csd Sovfala 
BiralmtioA of Avid l^o*** Pao r^ Fimaintod 
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mwm «diNiip«4 1^ amMi* warn %i» &mw3M iwitWkViM tlui 
VM« ttii •mia»r««t. Hit wamm trm Asmmmx pX»iM t<> 
mtli ItdSjittA RaUUtti «iiti»reiPt viailiirwti •mii'littMi «id 
AiwmUi te«B»» lQ»ir«v<i3r» ^ ^ Iji UMii tiiiiar i d ^ tfiftpaamH l^sr 
ta ilia AmmUi plain, ^ a mgim of MOIMKI lAf«t iii« 
Bevtvart ^^ &o«^  pfOKlamt tBotA <»aiti^ «te»i «f stuB^  eff*«£ie9l» 
•xtiBia to i^b^t 17 »U«» in Biwm% mem. ^mi^ ef law i t iat 
1>«»a of ]^»i riimr« X% attaliii ii ^ ^ ^ t ottr ^i&O foot* 
Sti^ avt aamaigit I& iwognlar gsroia^  of la^tiiaaSLli' isolatoA 
peaks 9if «14g«i« aapata^d %f h^emtk aspaaaaa of aaaAf iM^ 
atifigoata tluit t&a iviaJlliXa otttofopa ato bul finuHit of a 
o«Btlaiso«ia t^f&%m of iillla pavtSjr ^nviltA In aafti!^ Hi ttmtt 
Huwa avit «b» fvanaiita of pvmfimm ^p^gmx^ uMili liava 
19 Iia fooi^f f«D*f "^aalaay ^f jfoatam aal«itafti^ «»* 
:f»-Fv;:»^f" 
39 
thB MXiM mm w^»^ mmSM %p of ^im^m mK^^tmktw^ 9u^ m§ 
(*/ w3?I^ SP fliiHigpm iimMiiaBii ana llBtttoii** 
( i i ) tvt-'«wi1ifiiii ipraai^ and r]3;rolit#i «&& 
vlninerlsiti i m i i »1t diffiTtftt p2ja«t« o«tttitiit« 1^ tmt ^Im 
li«f» a» altfatioa of ^0 to 490 iMtm •Hmm Ktin ••« loipoi 
fit tte da»ot of tilt Aisvftllia «iA f»«M lioro 1il«»« tltpo la ft 
vostor j^f « i i aoal^mHi^rljr dirMillai to lOd »oti^ and 20 
aatvt faspaotl^l^!^ IMa giiioiNid. alopOy ItonaviHr* la l^ rolcaii 
at a iiwlHMP of pliiooa Igr maOX m^ U§ MM** plAtawuty 
aasoaiatafi foelgr floi Inained padltamta miA i^ aimonts. 
Sba yallaf axowMI Bal4 ?ogioa Sii itbt aMt oonaiota 
waa * ^ ^ a n x rtgloii SA c»eleii<»al yaat vliloll iiaa a^ab 
fi&aaaetaa W (ttxt^st^^ aaaaiafSjiit xivaf* niiiolt liafa lOaoat 
iraaoluid tliair 1>aaa 2ai«I of tfoaJloo* SMS atafo is taatifiaa 
1^ tlia px^ aaftoa of soBadoooli taeMmp^ of ^ M famn i^alat 
14 &mmtia?tm»f E«A«| op* dlt«i» 1934* 
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df dmiti* Xfi tiM iNitK Hiott ax« ft mtiMB of i«pft«»ima 
«li«f« Mlmaa^ Btmmm &» n i s l l t !&••»§ JQLOV* fomrdt 
miA U l t f t fi99 SQOftitlocks ^f ft p«l6t]^lftlll IJUlflfteft^t* 
jm»B e&m» mimkt S@ 9«r utat of tht ftr^ o f vofttosii fift|&fttiiaa* 
3)i«ioi oooar i s i^amti ftft|(»* oh*laii« 
Cft> In iHm vofttoxtt pftsrlo of Bftxnis^ ^ itAmi^mt mtik 
Miismw lUbfttiiotft tliiyo art ld«li ^mM o f^a «^to 20 to 100 
Cl^ ) W& 1^ 0 OftfttosA j^ sHw of BIIDWEIOF VBLH Onum lilji%rletft 
tli«rt mm ooapo^to 6tA«ft« 
(0) m iomm^t Smmm ISMI om«p i^laoti ^ o t«ntft ft«o 
iiftooiildtttiiiiift aiii ftOfttlNiftau 
ftm Moift Mftd f«r«ftdtft ftll «yo7 Vis^m fiai|ftftlliaa 
la ft mxfim Aogt«o« SftftdiiUUi !»?• 1&0 noftt ooaapiQ^^ 
fofttiro la iHtm nofttom iMlt of ]^ ki»«ip, ^alm3aiy» BDamir 
^P^Ww# lA^Mn^UJl^^HPMVHf^^WW j ^ * ^ •^Wp^iB j t^^ ^l^«p »||HWftft^*W'wlfthWhlWW • Wftp^^W |il^4P ^I^HK 4w^wwft^WlWP 4W<RR iHft' 
d l 
^Ijiili of Bikmvn Mo^tr Immdh* ft]«o stwrtSiit ftmi 
SaaaftiVt iraiMl IA tUt ftoirllttMttvXar divKitiQii totnuNta #oaiip«r 
a»a tmxiiliii m&v^t aoir^kvM'ltrl^  i t ^iliw Hui f l f i t xQ&i» 
ffeui lEiiKKni^  tlopt in ttii BUoutcv xniisifltt i s ttotk 
tlw •!«% i» nm3t%9 3CX) »«tr«t smft iiOls to s^otit 200 sttrtt 
tdvitirAt tilt vttt* flkt emtfai aiiA iMttzii pwrti of tlio 
diotyiot latsgtljr eenstitiito tlto iftggmdta fdluviaX plidiii»» 
v l^o th« ooatlioxn* vootom and ]io:fl3io»i |p»rt« ompiiot 
•ioid dmoo vitSi tlio ifitox«k.danftl pi«lat« fiio ittdBXAti«a« of 
tlio Xaadoeoyo uro loif^*^ tho fotttXt of ilad dtj^ooition of 
p»i«1>o2io» longltadliiaX aad tnaonoroo duaoo» Sho doniftfl&t 
lAdfom lA #odlipiir diotzlot io us oXd aUttvlol ploia 
flODUiatljr itttoryuptod t^ ovtompo of moXX hWLB o&d f2Ato«i»» 
Slio liiuyo tarn viunromdtd %9r olwrl piotecat md podSamti 
plalao, 
XA Sivmo and tho ftd^mt AMAO thoxo i« « 
flogroitiari of tho svid oyelo of tfooien i h i ^ la tvidant 
froa t2ii pyoaanoa of iaaalbaripi ia a Xarisa panaplaiii* la 
lalovot fiamar aad apto Joahpart tha aaalufoai took aaaaaa* 
liaUova aad oataa liava 1>aaa fomad 1^ diffarantiaa. axoaioo» 
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* plagrm* tm^aof^ BMt of itdrnt^imair^ tim Atstrt foims & 
vitii ftmtiwiii i««k «•«••• ymieliMS Hhtiv IIMAI i^tl of Him 
sSui Mad lilll« ar« ofl«i««a ia « idffcmit imttcnit 
in ¥«»t«m iui|Milh8ii« Hmf «»• of *t«if * Of munrow 
l«tt^tiiAUMilt *lMurltliia* or eroooiialtio anA tiwotoo lgrpo« 
(•) III B«Rtrt tho duBOO MF4I Mitljr Xonglttxaiiia iMh 
m £mmnX Alyoetim fnn ooutlnroiilf to aortiiOMt* 
(t») In jToiialaoyy lsoiroiror« thoir 4if00tlai i s !••• 
yogoloir «&d ofo of iMurklwi %90» ondiag ikbsvptljr vlth m 
hlf^itae peSat ftt thoiv nerthoootom oxtroMltiooP 
(o) la 1^0 OMtom wttaMmiifjff ttm dmoo oto tzinofoyoot 
htcfiang Itlio Itvgor ozio at rii^t lo^loo to ^lo <li«otl«i of 
tho pMfmUiBi Hind* Sliooo ooaXotolftit OMipOiito t3;«ohapod 
duftoo littvo o t«id«Mgr to y«Mia pomanwit* 
(d) 3^ tho vest of ^odl^ ur la FtuOodi tolitil «ad ia 
Bikmme, iSm amUiJLUM afo aot otalbXo «id avo yoportod to 
bo ooaotmtiljr la aottca otoa duxlair ^ t mmmm aoaoooa aeatlia* 
Za laotf tho ooftoopt of tnio dooovt olioiild If footvlotod to 
thio x«gloB« 
1$ BUadfOfdt v«f,f '^Oa tho Pli^oal Ooograpliir of 
tho Oroat ladlja Dosoirt ote«*| f e w ^ of 
Ho72f fS7«» P9*97«»9S« 
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fotnft «oattffred Hoemi^ oiii t&ft iriist»iii pari of tbis yt^eo* 
««a«oii t ^ ttf« IIIJ.#a Hjp 1^ Urn wm»^fi of t&t oiixrotaiiliif 
dteirtaaoi io lliat ^tm »tmmm aoir fXot sttlitoanniitAlljr tkUm 
tlioir d«»i ^uumtlt* Hio emi^meM of tbo aalu olwsaiolff 
BOir salt iNnM^ p lupt ln^ Usji foittO& m HA lownr i*oibOli>o of 
tHii Mia3l07 -lrilmt«yii«« Slui dtiwOMiiQiio «3« ooaaoiiljr fotnd 
SMI iior^itaotim friagi io an avoa of ocetptieaall^r 
0lkagsar« Slift nortl^»» Msitt of tlio dtoovt pvQpme say 
ttiirtfofo* INS foogfUr talpn aa o«M^M»tmt nitli Hia old %H 
of tlia (^lai^ipt aliifi« oi i ^ aoal^ twuli^  flw loftar aaad lilUa 
oliaxfaotafietio of ^m daaati Sjsi^ taoapf a^ifi^tly oaata to 
ooonsr* 
6ii tlia Mala of i^3r*ie&3. foaturaa vaatam fialaatitoa 
eaa l»a i^ roadljr elaaaifled Into t^sraa aatf« faglaia (Hi«?)« 
16 Aloadf 4«y op* oittt f>»43« 
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Of M&d dm»«» 1^ c3«« 2$0 m of aasAAl raialKiXly •psx'so 
9opta2A«lai iAd •oattofod innO. ••ttX«i«ti, It ^M a maOX 
poi*e«itai« of ovopplai v^^ ii vitlii hifl^ iffr pof^intaio of 
fftSlov Sjndi* Hiiitooiiltttro lo a WHM la tblt rogloii!'^ 
2« BaeaTi tiia rtislat of atappa ^vagttatlMi in tlit aaat 
and aoatbaaat ftiiiftiaf tovarda ArairaUia* SSila fgiaa i» 
vUUy9%9 fipaa firoa MOtd dwaa. fha amiua^ l x«l»fia3. Sa 
batvaitt 290«^ $00 an, 
Slia hik&» laid la dlvldad Igr tba Limi X^ VOF into 
tlia aoifthasm paart of amd diaaa md tba aoutliazti parta of 
raaidosX MUa and p«iaplaljiaa« 
(a) Shakhavatl raglon la aaaar tha Ax«irmUl yaiiga* Slia 
aaad ^dna out la tlila raglon* Xt la eonflnad to ^a aorth 
of ]]idvBiia and Saa1»!iar Xalcaa* Shla xiiglflB la tha aor^iaaat 
ooBprlaaa parta of Sllcar ood ^m^maa* 
(b) Oodvar plala la tha piada«at plala la tha aonth 
at ^bB foot of immUllai vatarad ^ Ita ahoTt atiaaaa* It 
la a ftrHXa plala noatly la tha pavta of Pallt Jaloira aad 
^aeaoy* 
f? siasht R^^ |^>f^a|Ht "4 ^^9ikm^m«n^''t 
46 
iu B«i^«r * »t9pp* w^gLm nor iOM It eeaTtiilMitly l«iift 
ItstXf ia sMnuithaXl* 3hi« y«il«i do«i »ot hmv ^impp^ 
••gttetl«a dot to «Uafttie aurldltjr* Zt im dm* lAf»tt«d 
ftxt* fot thi ispMt of Bs^than emmX hm <ULtf«ri&tliitoA 
iMB rtflfltt jnrQn sajntothftU 1i«e«Di« tlit imtttr ttSslB hM 
^« Ax»lB«go pttttm in Bftjai^ iaii wim mm^ to 
tiio cioJU»gLe»X fosuttioBO aaA oUiifttle oottlUati«it« tim 
otrowi mm mootXy ^aiofltS m€ §pm aio out ia tte AMort 
Atto to oXlmioX ouffoofttioHt* Sovotttl of thoso otftttBMi flow 
in tiii iftOlioro largtv t&an tlioy otfA to li«fo «»Ao» SMtt 
liov«vtr» i« maioatl^ of n roXativoly pa»fiftl pBtiM la 
tho &08V pa»%* SSki iFolwo of thoof xiT««t !ifts bMa x«dii»oA 
to ooeh aa oxtMit Hmt i t 9>ppmam too Uetgo for tlim to 
tiftifo oroAod tho talltyo tlu^ floir la* 3lio laao of 'voXnao 
io duo oi^tr to eUaatio ohangoo or dot to 00090^ or 
•mtforflov^ tbrovm^ Hhiek fOlvfim of tlio flood p^Ula. 
l^nl ia atm mVf lapertaat fivor of aoat eoaat^iiiaot 
ia v«9t<mi Ba^ithoa (llg«4}« It i t tlio mXr t i« i^» dittlaago 
•jratan 1 ^ ^ aakot ito mif thfoni^ ^li dooort to i^ Hiaa 
of £itit^« Moat of tilt txitHitaritt of Luai Jela i t oa ^ui 
Itft Utak for phyBiogee^o rtotoat* Aamett tht "^ritiatexiot 
./t 
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Miflizl, smopi, diihiya, BMdi» f^tii«S, B«RaiJM«i» Smlopiiiiia 
a»A Sfti^tia mi tbt l«ft Nttlc Mia lilit #o|il «tt tSM ill«h%* 
riimr oftteltlAi ftttiBtl.<»» &lu«pur lootM I t M l f la ^ M 
dtMrt ttot Hur fvoB lt« •owret* 3!lii« ftry v^A of 01UHEBi^  ^ 
filkaaos* i t 1»ofdirtft oa tithor oiAo j^r ottoii and ooAtiaitotts 
XlAM of doBOt* "S9MIM ««• not txm riwT htmkB^ Imt at i t 
v«y« MoUaa tt^My aommiliitloiiii of Hind blona Mad 
t]»9pod Igr vtsttatioi on tht riirtrAlJi otfipt vox* ••tttottalJy 
floodod«»J® 
Za ^M vMttnuiott pAvl of tht dtiiorty la J«l«ilaiorf 
thovo are amtroiis ttoiuieoft Kivii3Al»» ontlvol^ r dtpoadtat mi* 
^ • I r volvtto «id oxtiBt m tho iwiAi uliloli io lovtst la 
•aomt sad aoot onatlo la oeoavroaot. Soot of ttioot o^ roaao 
afo loot la tilt dotzituo tevuglit Hgr thm dnriag aa ooeaaloaal 
oload tnrot or dio oat dat to a31iifia3L oaffo^tioa* TbM^ 
asa almrt litod Hota la tiao aad opaoo «id IUMIOO iattxaaS. 
ia aatata* fbaao atyoons liaTO thoiir oai iooXatod ^aalaa vitioh 
thiQr Ma 2oviirta|[ aa par lliali* fool^o oapaattloa* 
10 SjpatOf 0«B,E,t 
(Ho 1^ tniaft|i xoBdoay 191^ 4^  fP«485* 
49 
Sl» f»immt emfw of th« rirmm la v»»t«m 
B«ja««h»i aXm rmmtl «h« faXfttogtogxtti^ lil* «oii4itioiit of 
eaiaato woliomtod md ft hliM^ elviliiod epmval^ ovolvoa 
in tilt sriTtr mXLwy of Pmlalit Slad oad ol^oi^xw, ililo 
oiviUmMcKi UitoA f^ ott ftfomiA 9000 to 2000 B»0» mA thou 
alaoot «tiAftiii3jr 41sappOAy«a* 
Soon afttr tSto iiyaae oxrlvoA on tho eeotto cad 
«]?ote tho 7«aa»t Savasnatl WM tlioa tht aott ittportoat vivtr 
la tho rogloe* HtrOf i t lo oii;eii£im2it to nott lluit 6aiis» 
ma ttmmm sro yof^ rrod oaS^ c^eo ia Big Tote* Sho 
Sairtaiiittti «&•# koifovor» ft oflnooquoat wkfvt foxmoA of ft 
OiiBl»or of fttroMft fod lagr ftpxlagft frem tho sinftXlko, It hftd two 
saov^fod txi^tarloft oa ito figlit hmk^ tlio sittloj tad 
Btfts oad ft «io«*fod txitotfti7 ea it» loft teale> Sriohftdfttfttl 
10 By 
«i1^ a poaj tmtmm aa ito txibutaxar* /»ahftMiaapfttft tlaos 
(1400 t^ fOOO B*0) ^m SafftftvaU's daara of gloxy v«ro otur 
ftft It vaa loit la tlio doaort« Shift anddia oliaago vaa tlio 
roaiat of ffligxfttloa of l^O tribataiTloa bo^ oa tli» H^it 
ftad Xoft baaka. Zt ia pxoteUo tliat m> txilmtaHoa ali^t 
iuiTO boaoeo «rftcoo* atsvaaa. SSio proooaaoa of aaifpiag axa 
mmmmmmmmHmimmmmmmiimimmmtmmtm 
19 AiKftdt 7»f 9p» o^ *^i p*n« 
50 
murpiag* 
Vitli HM Qiui«t of ayidH^ iuvlaf tho fXol«%oofiio 
^•riod «iiA OQiiso i^iiat adfmooatiit of MaAtf fonaor eetvaot 
of Saxwmitl fomA i t «i«r«iiol^ dilfit»3.t to imlntftin 
t]Mmt«If«« and l»t |^ to «lioir o i^o of ohlftlai^^ Evrntnftiajr 
tlko vitwr ootft'bllohoA a oo^iift ma joy oonroo oa i to viglit 
htmk otAo tbrotti^ Si««a wad aaiataliiid i t dttfiag tho 
o^ooQ^mt pXttviaX poriod* Storo WMI metlitr sajoif oliift 
vootvird in t]io oottfvo of Sanuiwtit psotebljr dixriae tho 
osr3jr BoXootao poriod idMni i t ttogwi to fXov ^ ) » R I ^ SoliasPi 
Eaaspwliftiy Sw»^p»rli» Mi^fas^ o&d Sftldii* 33i« yivor tlitii 
Bovortd ite yolatim «itli tibo lofti at Fatfbihadi* «id 
dioohargod iftto l^o Bamt of S t^o2i ^lyoti^i aao^or aoatiiorS^ 
eoufvo vboit i^maata OM liaoiai Sa ?allataa aa Balora or 
Bam?^ Xa fot ano^iar aoooaatf dorSaf ttit ProtoMitoxio 
20 Aliaadt f*t 09# oit«f p*f9« 
21 fiiaail CSioiO aad iM$X Etert "SSio l^xvif Stroiii 
Coufooa ia tl^ Zadi«i iMiaort sad tkoir 
I f f00^ oa Satoval fioaottveoa**. todfgP 
22 fiii#ial» 8*B*» *1lov Ai«IUkto3U»iioal EHdaaeo f^ nom 
'i^,*''*-"'*''.'''*''!!^ fit-iMm* 
leaif I9T9# 
51 
(3000 fi»C» to 500 B*C*) «t i •AVljr Hm^TiM ($00 B«C* te 
A«D*400) p«7iod» if«t%«xii BiijMithaii In 0«igwai{»y dlttrl«% 
VM tih* «i«d^« of • f i ^ YiYtr mtUogr ouXturo of tho 
aiioi«it SaiftiMiti m t i i I t 4briftoA vtttvsrtfo mA ftlMppoMroA 
vltli tlko olMigt of flYtr ooiuNit?' 
Ilio l.ini tiifT ojrtftiB tfimiao ofOor m wuOX ftrt* la 
tht oottthom part of tHo €oo«rt mA i t s oatolniAt im aot 
00 vmot «o to oooovBt i»r ^to a]J.iiflol di^ooit la tte 
aortiiofa i^ uet of tho dooort. In tMt tito tolo of our 
Hijiolajria liTor ia ttio oUaviatloB prooooo* lwtvo«i laml 
oad tlio (^loiiKr lioo aovor booa tlioimlit of oa^opt for tlso 
aoritioia fMUigo of tho dtoovt vlmro oovondl sathoro !I»YO 
aoatioaoA ^lo oxlot«ioo of ifjr TalXoy of tho Saroovmtl 
of t ^ vodio poriod?^ 
Sbo x^fofo 03diil%lt iwirlniMt porffillli^ UfM ta tlui 
triad of l ^ i r oourtoo* Slio oottrtoo of tho rlvoro @hoAi»ry 
Solvftl oad Baia& oro ooa«tiiiMtor2^|Stric}elag2jr poroUol to 
23 ki^t93Jm»i ?*&«• "iNOaoogoofrophjrt Sodlaoatelogliol* 
Frmovoftc «nd Orouad Wator Po^ntioHlsr of 
tho Arid eoao of vootota iadl*"» gyoi^ ^ swto* 
g^gl^ ih I Iftit Mft J W » JodhpttTt 1f6#f P«19« 
24 All* S.!$«» "Sho frohlOM of Doiiooatloa of tho 
Ohagiir f3alao*'t ifi&djyKLr 
7oX«XVZ, Io»2t I s I t T ^ 
52 
%htk% of ^M 9tttl«J* k fmt ffiof* vmsplmm eoofii» to this 
tr«ai» S2i« •oatlwvttft ilonlsf OQIUPM of liald i« In dlroot 
ftU#tt«it idfb tho noartlwMtst AoKliig eoiurvo of ChmbftX* 
^iMMfc^^ ^^^(F'^P ^PP^^^^*W ^ m ^ ^^ f^cwBMJJ^  B i^WWflr^ Hfc ^^^^•^^^•^•^••^ IP ' VRIHP W*VBF *B|NPIP ^fli^^'^BI^Hpl'^iBP^^^^iP ^^ ^^^ll^ ^P^W 
iiertb»OMPt fX&iAm BMBM* SladUarljrt tlit oou^wvoot 
flonliig ££i»fi tiril^tttff Of CbiMlMil* In wictom Bajaafhan 
propoVf 1^0 ioatli^vtot floviag lioril i * la difoot t l l ipiMit 
v i ^ tlKO iioHlMmot fXoiiii« KtAdlia* ftafthor aorthnoftf 
•iroft tlio oottimo of ^ » niror Buiaft la Slad im la ali«»iiat 
vil l i tlio aoafl fiiFOi? Olumeiir*^  flidUi f«n«rlcm1»lo pMrtXXoliaa 
i a tiko ooufsoi of vivom fXovlag la oi^ podlto Aiiwttloa la 
ttto wdorgromft took otfwturoo fOoftc i M ^ ftifjr flov* 
fho votttrftfA oMfl of ^w rivom i« qiiito pvol»«l»l«* 
¥liia tho StttloJ»XBda» WBLO oeoiQqrIag tlit pooltiea of QIui^ gBiv 
9a«ay tho lattor ottot havo ^«EI R a i | ^ ^ zlvor vliioli io 
a^ «aA«&tSjr pxovoA %gr a iruit boa of (^ laisgwr oirtsr 6 kn la 
25 lodOf lUF.i *&oaioi^koio£r «AA B r^olatliMi 
of BaJiijtIttBi 5ooo«J„ ?|gfi Jyjgj ftreUtF 
i t t f l in i lo i iWlf t «0«ijpai^i t9o4» 9P*f9*75* 
a6 ibid«» p»75* 
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a31ttiriw« VImi tH* OluifigKr VMi elkofeti MKA !»•% i t s 
eesmtetlm vitli Blmftlojrtta i t s INMIH ^oMit ftvjr «id wm^mt 
%mWM wmk Awpwr, ®m fivHl* sllnvltn «o«lA not timid 
tiiii m^mowpbmte Bgmeiw of otuoift* &• flat eX«ar i^«ii 
!i«ia tfai alliifitii tflBidf ms Ibldin off« Slui otMtUit vtnds 
•u1Ni«Qttint2j o1»Ut«»t«a tilt tepoip«plqr Into AtMrt. 
Xa moftt arid p«rt8 of vostoni Ra|mit]u«i a» tlio 
memt of jnRiafiOl i« Yti7 3^ « tad tlit aHofptlon mttm of 
tho soli furt M^» tlio oentotottt ftmoff potmtial i t loot* 
Booidooi tkio bii^ ^•ftolatioii fatoi «x« ougfootliro of good 
gyotatdvator potaitiaX* But mm tthoalA aot loott oiglit 
of tlio fftot that thovo mm wctoaiiifo oub-aoH aoiotm^ 
badrvioro of ISaot kmlEar oad oalt owaoaSjr laoiia aa haxt 
paao at mfgriac dtptho* fliooo luurd ptno gmo^ aXS^  lahiliit 
tho a»i¥itr iadoooA domvtiA aoYoatnt of toil vattr b^vouaiti 
tlmi* £2io ooil. vattTy i s tlio em% of aaxatioiit la loot 
iato ti^ atBotphosa tejr ladoood vmi^mtim^ irovortiiolaio* 
gromdvator i» aot atjrtly m attirllmto of tlio oliaatle 
27 i%id«t p»T5# 
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a&a ylqniiogmptole ftatowt tot to • gsvat txtMity i t 
It i« rtportta tliat (nr«f 15 p«r Mnt »f ^it tti*ta 
ef «t«ttm Ba|«itli«i i s oeeapl«4 \ir mmUimmwiXiiSmimA tad 
g«ol«gleftl «|^» iiid «X6«pt £»r Bllaii«r rtglfla# tlui 
fom»^<m» li&Yt poor 68i>ftel^ to inoU and tvoiunlt vftttir?® 
0y«titfttM»«3L marmstf ta ttilt airoa hui pxotidot » Iftxg* 
»••• of inittv»tal»Xo datft» mni, m that tetitt turr^r ^t 
ladlA ha» pioparoi a vatofs^tablo eoatottr ftap of Baja«tlia&« 
Z«0,A«E* *• si«ir Atlas » sxtnaid»iiattr la alao a tiroalE l^ iroui^  
Itt this fi«ld« Bo««var» adofoatt data aro atll^. laokliig 
aliottt ^o gfemd*»ifat«r ooRditliiiia la ««atom Bajaatlum* 
m$ pyOi*aooliaft topogmphgr lloa partlaiax tttteorgtd 
isidar tho matfixig thlolniM of •noroatisiiig wmd* It la 
diffiooXt to dotaimlao ttio Xooatim and diatxltmti«ii of 
oonooalod dimlaago i»haiiaola mXoat «xt«ialiro t^op^ ralMOl 
aturfoya w* oonduottd* Hortoviy* i^o pvtamt diatoi^tion 
of tbo VladlijrBa and ^ttiaaaio i&liora in tina fgLm aoggaata 
28 SttjrXor* 0*g*f g||j|„gCTfM„tB.^fi||«f. ^ pfaa|^ > Balloon go*fa t^sa* a i . i * 
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'Iali34> in liio iditriao w l^Nnsa eons In 3^ iitt#x*f <laJ.>iilaiWf 
i^i Micmot 2Ji«t At dof^ of aott fiutti IQ attimi £n» th* 
B&|a«l3iifi ottEiftl ttotvofle han %%A to ft aotK i^dftigf «fttiaN»^ii«« 
Vftt«x«»tftli1Lt ftt i««ft 12IIII 3S 8i«l«i>t ift ft yaspo ooiiHTiaot 
ia ^i f t fvi iait zt iiAt ^om fooof^ioi ^uit v^uui wroma 
^ftiittlftor liftint ftn awiftfo aoft0i of 60 attfftuP £ft tl»i 
TlafifeyMi »^fat» iroimt iTolJ^w ^ o mtw^-tiiaft Urn, m 
IM tim Jtoii 3P0gl«i tin groimdMia i^v oootini ftl«ftg 
tlio ^o4aiai»pliiai« oftd tl^po^ frftattuft mid oJLtaf«|^  piaao 
2$ MmA§ A»f Of* eit»» f«7§* 
IQ Gaiottoopi fo^ovt wm tmtr «ftt«ewtft^ 3A« 
*.i,iiiii,i,....cii» i^iB Btftftitftd in ^m irillaeo 
Olmaislat $2 IDS ooa^Htftflt of ^lo oai^tftlf 
vfto foi»4 49@ foot aoop», Cfai t^, 3»ikm^mm 
Oaiot^oTt 0F» oit»« f«fl®;« SHo aiKO 
dftsottoor i*OfOfto t&ftt la oftit«m posrti of 
Jaloalatr v a w ^ ^ A aot l»o ^ f f o i la a 
voU oina aftoy diisglag $00 ftot» f«f$9« 
31 A ifoU aoftoufoi !^ oa Oflieor of ' ^ Ortat 
^QSMfeft .rfriift -AMIkdiklAii^Mj4l Mk^ft'a jQ|4M^4U|Hli|^ki|H* J K ^ I P ' 'pMk J t A ^k •^^ 4bi 4kak.^fc -MMNA ^k ik i t t JWdb 
410 foot la aoftli««»» CBt^ MaOt 0|»« i4t»t 
fj»45.44)# 
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fh« fomeVT 9Xlwr±m i s Mii« up of nl^^ BiX% md taad 
ftiid itftt good vtttoTtaboldlJig CMipftCii^  nmat tlio yrlaeipsl 
eoopootd of «ilt% Bftttfial m m votult of ubieli tlio witor 
oapaoltgr of this rook %:i^  io isodoiAto to pooxl^ 
Xii tlio XAthi ooi^oo of ^«lttA3«07 tlio vfttor Xotol 
vaiigoo f^ rott 50 to 10$ aotvo bolcw gxomd iorol. SIM !<atiil 
•andiitoaoi ha^o eomi to l»o rteoig&iood M pottntiaX izowd 
vator f«i«xirolm of groat pfootno?^ 9SM ifato»«tabXo In 
tho ^aloalaor ItAOotoiioo rangoo f»o» 69 to lOt «o^ro» 
Shoio UaootoAO oorioo 1»oar nator Hutou^ tltoir jol»tit 
viiiXo (Mttdotoaoo airport tioXXa d«io to tiioir porono aalaiso* 
2a iTaloalaer imovo tlio iifttiir*tali>l« i« roportod to fsaqr 
fron 2CX) to TOO foot* nator ooXdm ooovro at oftl^ r 25 f«ot 
of dop^ lA tlio aUtxfiin?^ 
It io roportod tlmt tlio gooXoistoaX foiststtfliio 
avotmd Bikmor appoar to 1»o moot oeaduoiTo ifator»^aitiig 
hoxitoiui la '^o iilKolo of viotoxiii Bajootliatt* ta tlio iddyoltr 
of tho luai riiror oyotfra and tiMf ilt«va311 p2Jdii tlio imtoi^ 
tabXo Hot mthia 100 foot of tiao land aurf^o* 
54 Chattorjif ?«0«t 0p« o l t . , Pt2f* 
55 AdsraUauTf P*0,9 op. elt*, p»15» 
56 iUd«» p*16. 
58 
•alt«» atioli Mt oKloxtd««» aulplbattot eartoeiuit««t Ui»i^oomtM 
ap«id«x!|jftg Xi»i%» miOft utilimtlfaB of ifvig»tl«Mi • • m 
tiMtmt fiMl)>lIil3r» J^^iou^ 'toaelElolL imttr la ocnaioiiiy 
Q&Atrttood to bo a llaltotioii in Irri^tloiit roo«it 
roooaroiioii ha!m Ohom thot l^ raoldiii vator m aot oXvoyo 
Isiawfitlw 3lio utiliaitiMi of mklism m^trnt Hill ma*^ dopmd 
up«ii tho ooXt^ toXorttioo of iitm <Brop« XAontifieatiai ood 
•oXootion of ouitattlo opooiooy ouItlTatiai in aroMi of 
wolX dmiiiod ooilot appi^prioto trMtemt of toilo aad a 
tbovoti^i approeiation of xtaotiona and oxeltaiigoa bo1nra«i 
aoiXf mtor and plant ara aona of tha no^aaasy na t^oda 
to ohaolc hamfttl affaota of aaliaa vatanir 
A atunriy of tli* uadasngroimd iiatar laakaa i t 
abmdantSj olaar tliat in^igatioii ia thaaa vatar atertad 
avaaa i« not an aaajr pxopoaition* Korootart t ^ aeoitgr 
raiafali gaaarataa iaolatod raaarfois« aith wb ^atiaiaoua 
aq:aifava« Ziiarafofa* ona oa& aairiaaga tliat hopaa of 
ovoppiaii laffftl^ reat m dxy firaaiiii* 
f l |»Mf.lilSIU g^a>i»# qaaaaop 199^)t 
pp« 2Z»2% 
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m9 emm mv999 la ^ » m^m X«ttd» m§ td flunk ^&t 
Indieai l^tiPt i t net » %yii» dm n^^  In Hit iyiti9f«l MAM 
Qf 1^ imm» A id«v «A tli« imtiwm tklmmt mlwm si^ t^* 
a t««llx« tlmt l^aiiA atteftt di»mot h» ern^m^ «ii 1 ^ 
dfiMt l^«Mvti of 1 ^ mvMf ttj^eia3.ly ^09« of miadlt oast 
vhioli a3!<o &mMUmmA mom d«90liit»« iK^fiowrt t&«i« i» 
&ftf^ (l3jr fsir otlior aoitH i^eh otsBtt tmitr ^ti •my of muSi 
ft •t&l3.o olUttftMo f0m% m mmmmm Sliit i t ovidiait 
ffoii ^0 DMit l ^ t ftt «Iio «&••« of a«n«oeii Hit a«iAtOft$o 
tt&lEoo smo^  ft ymtaekmVl0 ^aago of itft o3.o%!ila«i ^^t 
ftlAoftt iihf ofttixt d«i«rt ift tfttiftfoxBofi Sato a froffisi 
pftftluro laai, Aift&&» t)i«po vov^ ld %m fur ftfo«»« loiom to l»« 
tiiao doiortf to aMraso this mitpi oHftxmetor* 
£xooft iMft ft&atiftl 9ihm of grofoioisrf i^ i^ lAi^mm 
mm^ vitli tist oiiiot of dif ftOftioiit ^ )» I«a4ft«ftf« ilwple^ 
tim tTfieal assort oStfttaotor «i1^ i t i «oxtr«atl7 poor 
oad diftooatla»oii« irog»t»tloB emftisWm of « f«v vliily 
ftl^^oH lior^« gsttftOMi ftlmblilol^, Aumaef fttoOki tad 
60 
i a iNNit«xii ift|iuilliaii» M gmmeaX^ ( » • mm, ^mmfemPB m 
t« flit ir«(itt»ni<Mit iMlt of •ztsfm9&9' ip^m ^m^^^m 
mi» b a t a»o ljft«5laa«» s^d pdPi^  ©f Cl»»tt. tiU* bi««i« 
strip rtvita^ usi ip&^iir i&im eimevalii ttit aslEtdiiviui of th» 
S« sottl^MQitim b«Xt of iiHmit v«^t i i t i» la Beamwt 
end Jttlofo* 
3» ISie tlNq^ po dteert v^dtatioii of UttlLO dotort in 
4» SSio ^ooif triaeitiQBaX ¥t^ti»t&oa i»n« of &me%f 
siajoltiiikir irtstom par^ of iika» «id nor^wrsi fartt of Wmgismt* 
IS HoM «» Seisolil. EodoIfOi i»0«t *S^ i ^ i 
fogo^tloD f^foo of SxN»fieai comtfioi « ^ 
SSJII 
••00 f ^ *?^»i^' 
61 
FI6.5 
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in <!&• •@ttfNatt la Seli ai«^;i«t^ 
€« A&a» lljfta3J^» flit SDglm @f £ooa Vi^tatLQiif Mpt^UOa^ 
iQtmimt la t&t ii(»r^«uit la 4ls»i|)«»i and iiloir* 
Oft ^« i^l«f ^it ••at^K^en 1^ xtropt^Me la 
e!i«»etti?* On 1^9 mm^mm rim a^Mmg 1 ^ AfftimSilis Islum i t 
meagre ft3kl0V»r if«»t«m E&^ltoi , S9i« vi^et^tleKi omsiete 
ef eemi^  iSidiii^ xeso^^srtie tyi^» liie fXox« laeiu&es 
imnm, r ,„Agiff^ , IfBffilA %P« «»d #ig|ftJffll»faii3r#llfflf liftff 
tarte. 33i« eosBon greet tpeeiet eare gfH^CTI filUillfft 
m tlie eri i regiea tlie foseti^ ere eatH and ^in 
ibeesuee ef Imt raiiifillt IQd ^ aiteSaer «&ft Mmmt aittxie^ 
e^gfmded tliem foveete ere femd* iovevert la Jedl^ piufi 
Silomer itiA la eettexn iprte of iB o^tttr a&d eA|elalag ^ a34>re 
t&m&U eeatltt of %ro9loe3i ttiora forest* fNi aetiorel. 
"regetetloa $tBp%&w^ a msar^l^le adej^teliiXi^ to b^e aetiawl 
ea^r<Baiiat« S&e flona tpeeiet are oapi^e of ®a«i»?iai 
yf9ty lii|^ tidpetatuziMi iad long ndi tofere tttotj^Mirio tad 
to i l troa^it* tiaatt la tlie erid pertt dtftiop tt»oai«at 
Bt9BL§ lad mtiQf aen^w littvtt to :fetit% tntitpitatioa* 
63 
Most jplAii^ mea^ iik$mtmm •£f«ot» of ld#i 
pmtmMim •tnxetmfwif soiib ft* lialyv» li^f»s» • J ^ M ft&ft 
eeA% tvl^tP Sii* f^t t f t t la i la t3» «xtriit« «••% iliowi 
tbii ^i«tt0^iri«ti«Mi of €*&mSiMg m, th« aaatial. mtafl i l l «iii 
&w vlXttS turlmt tiw liet i ^ Mftiioii* X^ lovtr fftiiSi 
%9%mi ^ ( ippomdt IMUISJIS nUir* llitt on starHuit i t 1« 
ir«ek«ii«a as d<wi« Mo^«i* ^p« iB d««p redtiid n&tli toii#i 
mA 3Uia«i»igr a«iw»# I * raaaliMi f§mmioX ^ f lft«» ©f 4*» 
d««p» •tsoiic root iirit«B idHi^ m«i^m tuio of l ^ ia^^oi l 
ffao wgo^tioi a3i»ir tlit fe©t*4i41l« of Aimv^lHo 
iM tbtO timnfov oiiil»«4iuptlA flo&o rtoisliitoo vltli tho vo^^ttitioB of 
Oftgtoiyi Btt|Mi1li«i, OB tilt Mg^r olopto of AxmwoSMM In tlit 
»oti^fl«ii pftvts of FftU 4iotyiet 1 ^ irtgotftti.oii lo ovm 
•mWluffiild ia oisaoreo r^ «i4dmt3jr uador ^^ lafluinoo of 
aJttltnfto* SMs ifoiiillft'tioo coti litmitoS la icfovtb 
imitiftirdii la o^afimfttioa lAth tDo aoooattuitlag ofidlt; , 
&# lOigroif^fa^do foatntot of ^o ^jaAfoxaa Mloi 
tlio Aamiaafi ^ t t i fa» ftXM.t»aio* iSfotiuro m& sSiopo aay 
»o«jjt«, iyjisaaijiii, 1952, n* ^^t 
Si 
iiier«M» or v i^su^ ^« •ffi«UiNiiit«» of ^m Multod soil 
ai^tiiititt fur^kirf «bo eat|»elaMii« of tlio toi l •tarfioo* 
f l^ ieo i tftititXNi of 1^0 soiXt i t i atftl^ mA aatavo aro 
ir«gim« i^ idlelb wipportt tii» natiiml. vogo^tliai ooirtr* &• 
minor irarlft^otit la JLaaSfoxsie ulio h$m tigftilierait l»Malii£ 
oa tlio imtitfi^ irofOtatioa of ^« armi# 3li« ttttp ATIO^MI 
fomiMl oil tslit !>err» sai i^oMto ^a i t ^ v t a ^ i f leteiy 
filffiriiit tiotoro mwm «» doalsdmoo of roUtf m 
TOgotatloa* 33^ zt^oUto rotlAmBl liiUs li«fi •oaon^t 
ftuiNiii^ r«Hof tm empum^ to graaito sia tlio sloj^ os art 
looo «to«p m ^0 avorago* &tuit vagatat^ oa mymv var&aa 
oa Hiaaa oloaalir aisllar lemaforaa* 
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liot m i l^» I t h&B Hart* tittillliuiuyL eUaatMl* iiflsi«B8» 
a@ii«l^ » amdMuciii Afia asKi £st»Hft24r axld (f&t*6) «ii tli* 
biHii* 9f SkitrlSiii&lt»*« s f^itnaNi iliiiiaE« SSui s^ftiii^ of 
eiittiktt jUi a«ii|^«a 1^ i ts i.ot»ii^ ii>ii* I t iu»iae & iJMitiiiet 
e4iitlatiil»l41ir itt tlt9 irato*>«a[iMa«it of Diiia (it« fif«l>« 
I t is isiiQ^ in I^Hi tlw tfttxitoidal oaa s<»«oiiiti 
eeiitlii«iit«Ulrl » i « gofvnifi iat« twittfrntiiz* t^ tgjte*. fl» 
av«img« tioifevatiiyts »«Biai& hi^ f^it grsftttr piift of ^m 
y««r, fiffiftftttuf** &]?• M#09t lisurtag tli» li#t tear WHMOII 
twm Ume^ te 4iia«« Bo1& ^Im mrnvrnX weid ditixitsl «ettg« of 
toapoifaturo i» Isr^ mi t r tlio O:IOIXIQL#OO mM»9* fb» nmm^ 
of tS9iiMimtiiiw« liovoviip* is nukli dux^ jut H^io ndiuf OOSIOIXIA 
^iB. vo idGwifto 'WM •pfttiai iw3piiitl4Hi of aaooitaiii 
tfmis^ of taisMStttiirt tht foiioviiiie fstt^mo mmn^* 
iiim$xatmt BiMm^ fa l i and ^aloiw io not m$^ iovtot tttt 
mmm 
I SQio INIXA *8i]iuiOQeuiX iKsittiittatolitsr* heat 
%oiii iiioi la tlm §mm^ tlmt i^do i^lQtt i t 
66 
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i«i£t aZiang l^t« wB^m wmM of 0«i|putafiftrt M i^ftATt 
m& m mmm mmmm wi^Ur tmpm^tm ie ^UQ% m» 
jpattam of mmml tmm ^^ tiB:^ffttw« la irssttm E»|a8l£sMa 
liiei?ta««ji turn taat to v«»t» flio iimxiai» t«aip»»tixr« ffli^« 
of emtliftfiilall^t l^iost xftlii£BlS.i 8eaei% vo|9t&M<» emm? 
sa&a aa wioxsocui osicpsito of nm^M^ 
ih) fli» SoHii<»Sotttti a i ia^it of tin:i?fimta*o xmk0^ 
»hmm ft 0m9mX &mm§m tgtm ttovHi to oontli ifiHi * floxttia 
iNidgo la ^3* od^mi jpftrto la ^oilipof oaA ffagmir* 
(o) Siio oontlitm ^vtxieto of Baxetrt ^alo«t aai ^«M 
SlaiJUurl^ y ^K iiiix»fll sniio of tonftfatert 9hmm 
tilt !»>% Sfr mmm istm ^XwmH imio of tmpwmimm vavioo 
af^*9^0 fifon ottct to if«at» la ^it lala^ »mmm,mmiffi io 
a^*l#6 11?^  oauit te m»% ana to t^t itixktm mmtim i^ 
M^imal f«i i t io f^ «19^ <S fifai oi^t to nott* Aaoog tiio 
ao»l^m mA utotom Aiotfioto tb* M e^mai tm§$ of 
68 
SM.I eoiild 1^ «ttrlbat«i to t2i« lil^ li*x> mtcr Mglbi*^ Is till* 
v«gifi«i« iSm M i ^ amraftl Mid diiuoua tm^ of tMp^Mktiuni 
««3Jyi io>r tpoolAl oivo to »oAiQr «RA vtaMli t* ^to 
tluixiiioliWHaieo of tiM soiXo, 
Slui j^iobalillltr of fSK»»t otoaiVia«o ! • oiieo la 
9imtf tvo to tiifoo fOftm fron imot to «Mit* 2lio l4»et«t 
di»fttloa of froot opoU ! • 2 ftatyo la ^Hampsum^ Btlaut^ 
PaSll fiii4 ^aloTO* SIko aivatiatt of firoot lo osttadod to 
fr«QU«fio:r of I^ KMit ! • «roftt«r la ilaanftvar* 
Of tiMi total. lOBittGil valafaliX la wtotttvi fialaithiii 
about @9 V9t otat la xoetiiiit taxlag tbm mammt aoaaooa 
l^ orloA mA tha wmmixang ii ^ r euit eoaoa ia UMI eo34 atatlior 
viator iMtmari aa^ SOBO ea tho ooattorod fOrlaAlo falao ia 
QmemBufut aiatYlot io aoot oxtoaiivoljr 
aaft laomly lirlg^ttA la tho lAmtM fit Halaatlkaa 
fftoalt tait lilgiMKr iwix»«ator r a i ^ t t« iM to 
aodosato ^ t alero«*ellaato» 
69 
til* h»% Aygr wtmml 9MI irlii1t«r m$sm sif* larftS^ la 
«f tilt irotaX «Baml ytiwfull i s i^ irm ia fa:ML« XZ« 
3li« ttHMtr mmmem rwu»bM v««t«»i Bajaitltiii 
in ^i« «tQiiitigr« fle««iwr» «te aotiua Aatt of «ui«t of 
1 ^ ivilSsdxwiralL of moemom io VOIT itidilm M ooapuivfl to 
ito oatitf 1&M wllSbiSamnml htam mtmH^ oompiotoo vilMa 
tlio flTft wtok of Soptwbtr, XR ttoot wroMt 3UM% vtols of 
Aiagast hao <^ MI maxiana niafkOl of i^o »oo««a» 
19io yolBfall 4liitidbution lo frai otor 490 sn la 
tlio OMt %o boiuw 100 Ml la tho oxtnao voat (lig«7)* Bolll 
la novWmm ^aiealaor iroooxit tbo lovoit ao«a aaaiial lalaH^ 
of 89 OB Qa)jr« ilSit latiasiV of ralafiOX ia 0t ooaalAoxabla 
iaporlaaiio %otb for tfao puTpt^ o of vator bartaatlag pot«itlal 
aad plaaalat soil eoaatximtlai aeasmiio. 2ha rainfall 
latiaail^r of 24 iioara at Botolmail (M!caiiir)i i^<Stkpaae$ falit 
33ia parlotle yalaa la tha iiot dxgr aaaaoa ara of 
l i m a eoaaa^uaaa oa Ify faralaf iMiaaaaa i^f 
ara tha aoat arratio la oe<nirriaoa« Korfovar» 
tMa la tba aaaaoa of ao aropa oa Him diylaadUi. 
Sliaaa ralaa aara ao lai^ U5&lfl^ <»iit aaa aoeoapaaiaft 
villi lii£^ tfttpamturaa to ba amporatad %aak alaoat 
iaatoa^aaotialir tliat tlmgr hten ao baarlag oa tha 
aoil aoiatora* 
Bat&aavflBjrt C,, **Eao«&t ZatiMitiga^oaa oa tha oaaat of '^a 
Haigooa*f Iff^li gfypto^til, M r^aavahad» 
*9«0f P*tO* 
la othar porta of tha aomtiiy ti» eitaatiaoi liovavary 
ia oppoaltia idth a aiiadaa oaaat aad ipradsml irithdfainil 
of aoaaocw* 
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8oi»e*t B(ut6 an Hmm Kon^ Uly BalAlim &»%• 
Siidciw of iriiii f0v«r md SoXeir 
BtMTtst ^tii^mtLmf CmiamX Axti. 
ZoBt s«Man^ Xttttitttt«» Jodhpur* 
1983. 
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fASJM XXI 
%mmwm Quitt and Vilt^ axAwCl 
Mstyiet Somal Oa9«t J79SBWX Villi&nivl 
Basm«r 
Bikmtr 
totli J ^ 
12111 J ^ 
l e t B^ptrnhmt 
Xs% S#|^%4HIKHP 
7 ^ 8«9t«ilMV 
Bmetmi "BmrnmamSf C,» *»E«««it J^vtsM^ktioBJi 
Bofittd* afta Ohaftdaa olwMPfa^xiw dttnag « » iMt tiro 
doeadto uai aotoA* At Booolana ^ t ikl#iiflt latonoitr vao 
@5«2 OB la SoptMilMv 1977* Slio latimsitloo tokiag tlio i»iak 
iralnftill aoa^ii of JiO^ oad Augait vtyt» tofwwtf lemtx* 
k% t a l i 3 i l# i t t iatfluitgr of 227 aa «aa ia StptiatKir t9<»7« 
At Bormla 424 aa la $^ 1979 onA at ClMaiaiaa 110 aa la 
kxkfsmt 1973» 
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of f«ilsi£aU« ttm <ifl!i9liir«&ts» of t^ SiifhXI. &^mm «f<Mi its 
ffiaioiiit i& omifar v«t sp«Xi« fli» «iiilttm Mioiaftt of x«lii£yi3> 
<m n eliiglo ooeufrmo* iM«li onctivtt •<)«• if»tof> la tlit ooil 
t» i»tlmiitoa to h* Htvtitt IS«»20 m foir » tSai^ oeofuiioe# 
mm oi^ Tiotlini f»iii£aif to ^ mmma^t^ nsft D^ m ofm^oifttia^* 
mm% ptnotfibto to a doptli of fttli^aat 10*12 on ta tlw toil.* 
mm offiomimiOMi of imiafOX hm m f&uinv «o«polatii» 
«i1^ ^to «teoi^tl«ii mtoii oat volMdialiii ofaaanui^ riol^ oo of 
t M •oU, SJio •aMstaai i«iii» mm MOm U mmA% offiotiw 
alNmt 75 of i^ total wamai falafiBiil. io offto^i^o talafiill? 
I t io tatoimitlat ^ aoi^ *^ iat tiit aftfagt falafail 
oa a not iar In «^ ataaooa aoaioii ia iaaoyaUf l»tt«a«a 
!2,5 a» isai I5,7 aa la ^ ia imim* 5!io avof«fo TataHOi 
t» a alalia aasr f»:r a^ S^ MStad a^Haaa ia t^nm la SaHa If* 
Altltoaiii aBitli.ia voataiii Ba^ lyilSiaii roBaiaa WL&Kt 
aotoaX lalnqr ptfiod of tliii mgim io«a aot at«^ %af^a 
$ Stai^ lOf ¥*#«9 »i»i|2aad AgfiBiiltaia «ai Vatar 
Siifgii • «»««»# if5%t 
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fASm Z7 
Moamm 29«S 
ralafidl. la s»]^^K i^f i« |jiini^ a%l3r grtnttir tlwii Jin** 
flui fttlajEiiai of ••eo&i lia3jr of ^m* «aa 1li« fijmt ludf of 
ma owiF emmk implU i^^t mmffm mumU^ mm «ilai 
lafaott iB m&% to h% foolBoaoi la tttno of otoaat only* 
Wm t&mmt i«i»o mm htilptaSL i» llio ioviagi iMIo 3Att»^ viXl 
75 
ciami, 41»8i|)it»m md Sllaa? i i»tn«t»t l j*a« la ^ ^ 
$0 ] ^ «ittt ««spteMT9l^* C3I ^b» ^^9w hmA ^ ueKOTf ailoro 
aad f a ^ i i^ii& Silo In i^ fiotitl^innii fooiiB tad *ftti<wg 
ifiidtv t^i iiiflii«ie« of Axfild(Bi Sua Ifsac^ of tt«Aoooft» ham 
l.owN!' pn?v$m1iai^  of jtaim at^ 'vo iioxaal. sttiiiimi.9 t ls* i» 
3! i^r oint» 46 por ^ a t aaS 9^ i^r o«it »Hip«o^vol^« 
lloi^ ooforf, ^ 0 ooa i^osa fogloa tiaii oa3jr 4 i^» otat Itaa aaomt 
of la iafB^ *@iaa tho aor^«»«^f«ii roglea l«it idiia 1% i t 
ooaj^ KPid la t ^ poipoiatii^ gi ywsspti aiboifo aoaudl faiafiiiSJL :it 
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3Nigla« ham li«tti» salaijill e«n6lLfiQAii« 
aii&iia3i ffftini^il of l^ lanfar Ijt Itiit i^ liii& tlMit nlP l^BdesMKr 
Imt la ^ « |r«ft«i( of 4t<m#it iSm mmmt of imiiiiidl. la Bilcsnor 
liaa %••& e«eitim3L3jr lii#«r (Apiptt&i^ jB I ) | ftospltt its grostoif 
0@aMa«i1^ iai.l!r* fttit oltoatlott irtaffixna ^ * Daot t ^ t 
tlio lafimiaoo oat ftppfoftoii of Bt^ r of Btai»I amaiooa lo 
IPNHitNir* Sot oii3^  BilGBatr ! • ^iltoip ftppvoaehoi m i ooirftA 
Is^ BHs^ til aoeuiooBf oina g^ucBPiiflnip ndili^ IUMI ntUll gfoatoir 
oontlaiiiltoHI^ Itao alld dfoui^t f9&n ^IFI. Bttmof* 
Al^iou# la tlw a»oi]#« o^ttTO alaoot aU tht 
dlatrlotii of noitttsi Bajao t^iai r<»eova IBBB tliaa tl i^r ao»a3L 
i^lafilifi I t %ai 1bo«ci ••«& «Nkt Hkt f«oiinr«io» eaa Iat«a«ll7 
of atoii^tt Is soiro oovoro la mxmr^ iTaaios* tad PaU MI 
oCBpas^ A to aim|!ii»a aai BUmiP* S«Ni« i t ! • ia^foatlag 
to aoto 'l^t 11ioti# iroottm Ealat^iaa liaa a olett piroilsil^ 
to AfaUiia Sea Hontooa irot i ^ tlfootivneioso m€ t t t U i l t r 
Is isss m vss^m Bajfts^ a^si, Stis Is^l^ts la irsstsia 
Bajss i^asi ip«ei aoiPtlMiotilli 9hiSli slso ladloatss «bs doalaaaiss 
o f ^y& Blijr o f B«lga3. KmSOOH* 
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S!li» wmm ^0mi»X s«i»lii3J. mA i t s ee^ttl9A.m% 
of mfiftti«ci im» h^m ttuSi«i fvm 1901 to t980 (Aj^ p«ii!to IS)* 
f ^ pmmm%ike$ eo*ffiei«iit f«fia1&«ik in nlBiaiii la 
l^sitt|&«im» Wmae mik CSaitii Hi^im wi#r Idi* lnlliiHiQi of 
Bsgr of Bo&pd Bfamoli of aoaoooa C i^g*9)» 
& • AAiBi m t^of IMIIJBIIOO #iyl,yig IILO oiaaiov SOBACIOII 
liao htm ooapt^d ^mi ^ t vtolil^ i' rai&foll. m0^ polwatioX 
o^mpotxttuspliAlleB teti^ <Afp«8idii»o ttt A !?>• SSit mtmf 
hiBkkmm Is on lApor^at stMaiiro iia foudir*^^ ^ ^ potoatlaSs 
of «roi^ U^EMi iOftooi* 3 ^ vattor 1»ilaaeo arioaim la 4tofl^t 
for aoit poipt of tliB 3r««r» I t luui t»iia tmm t l^ t ovoa 
AtixiBf !!%• 12 veoko of ntiny oooiioa ^loi^ io i t f l t i t iiatcv 
lialmoo la iWBiy awiw. mm is iar^elor aao to M # 
pot«i1da3. oim^tfsaoi^fmtloa imtoe* 
mt mtme tmUmm io ^iliOy sua^i^ ia f O l «B4 
SilDir f»«ffi l^^t voole of Jiapijr to fim% wmt of Sopt«ilMHP« 
40 ooR^iwd to otl)Of ^o^iots tliioo aiotvloto oB^jr 
aaxianai iMilwr 8^n>^^* Both ^)0 ^Uitirioto havi aoorljr 
iSoatioal vato3P tialmeo (Iigtl9)> t& SoXom aiotiiot alao 
tlio imimt Wimm i « la oufipXiio tern last nook of i ^ to 
flxst vftole of Soptitt1»or» BoirvfOjrf ^ils saxplut Is fmstaatod 
mtli a tfof&oit la tiM soof^ &A wmk of 4Mtgitst« As Iko dolioit 
i s for a lisitf pozloa i t is aot a groat oauto for oeaeoxa 
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WESTERN RAJASTHAN 
DECADAL CO-EFFICIENT VARIATION 
OF RAINFALL 
1901-1981 
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SOURCE: BASED ON DROUGHTS IN WESTERN 
RAJASTHAN.DIVISIONAL TECHNICAL 
REPORT, 1/82,CAZRI JODHPUR.RAJASTWAN 
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iMsem mXvm^ ^MB lil4«@ttifloi 4Uilittit i« sot of miieili 
eoiM^iiiieo* ^m^tmxk hem ^m iafofnitttiit yotioii #f 
WR^ T •uipl»0, fhtt siifipl»9»t mm of moAtxft^  VB3.iiii md $m 
sopmmtod 1^ a AoHoit of tvo v««iai« Slili AtHolt i t 
foXl4»vt4 lir it »uil.l.«3p »wp%m* 3li« vatoxwI^ tlMioo oilmatioa 
of ^feaa^mu U imSmw iHm tli«t of a^Xo*o, 
^ Gangaiift^ Vf Bliomor iiii liAiMilaor* on ^lo 
voottxn temper %h» vmtmPmlmXmm ftsaimi la ^ ^ o l t mXl 
^iroa# b^o i^ BMttv aoBSoon* mimwwme^ In ^ii« vts^^m 1mX% 
Bamor Ma tvo tefiaf panloda of lattr aii:i^ t^»« Out la la 
tlia laat atak of 3vO^ mA i^ eWmie ia tita laat vaalc of 
4iiiEiiat» Saasor aad #oillinfif la Wx$ oialM^ wx% tiata 'vaisf' 
^yiaf » d aaaa.1. witar aiifpXtia* tamx^ y bovaiNn*! liaa ao mtay 
atixTXtio la tba ia^j« yalar a«ia4»i# 
la mmpadwm of natair Mijaoa t»at«a«ai ISia aaeead 
fortoii^f of ^tea mi tim Um% H&rk^^t of 3§pism'b9v$ tlia 
natar aaHoili la Sapttaliwr ia lai«fia^l|r laaaav l^aa ^ma^ 
^m Qeptm^T natar <afld.t ia aiaiaoa ia SilauTt iaU« ^aioxa 
aaa ^Imaltaati. 
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5* mm^u 9f mnn M^ 
KMuittftttwit of aridilgr i t xnfinCL in ASMistag 
til* dli»Atii» rtgitt* of ^2JHIAS« SO fftrt ia aSaott a l l t}m 
attoaptu m 4x7 famlag stuAlo* aaaaal arldl^ iadloos^ 
liair* Mfla vorlEOA oat to 4Gipliailii« tiio mmX9 of witor 
oeaireitr (Apptadteoo ?-XX)« Bmnmir^ aather Had* tliat 
tho aaanal afidilgr iadloti aalEO tho ptoWjm look aaeh 
•xoggoxmttd* SItio lo aalaXjr teoaaio ^it totaUjr aiift 
oeadlticao of tiai hot dfy otuKsi ax« alae taMa lato aooooat* 
Xa fmt$ liot 4xgr ooaooa list Utt l t oiiaifiecat* ia dxir 
fazAiag ecdiitto> ttoeaaso exoppiair oiMoa itiiotly •ynotooaiooo 
vlth tlii saiaar p^xlod of aid»^aao to aldi*S«ptia%or» 33i» 
hot isy wemsm oaa bo oald to hat* adtoyot laflaiao* oaly 
oa tho ymoto poooihllltaf of i^Vfgrlag aoil aolotuvo f^ on 
oao yoor to tho o i^«r« Suoh a fyopooltioa la a«B««oi;toat 
ia aoot «yo*a« 
Sho arldltr iadioii haftfthoxa^rot hoas ta)Bn& for 
aopaxa^ oxapplag •oaooao la a ytar* fhoao ooaooaal ow 
ooBiMurtifiBtoliood aridilgr ladleoo pxotldo a txuo poropoetlto 
of azidlliar ^^-tim'witi eropplag toaofln* 
Sho Sahla V ohova aaaunl axlfiltgr iadleoa lamadahl^ 
high* ^Bbm poretatogo aoietaro diifiel«ieiOi mm h i | ^ 
6 ilridltr ladox lo t&o yatio botvoMi tho aaaual 
vator dofioiwiejr «ad ttm ammX aa^r aoodt 
ozpsooMd ao ptreoatogo. 
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fklBSM 7 
CoKsmmtl'W Annual md Q%a»maX 1x141^ l?«r««iitegt» 
62 54 91 
t2 64 8? 
$T 45 m 
n 70 89 
85 r? 94 
4! 18 88 
51 36 81 
56 39 m 
62 49 88 
61 27 80 
56 15 81 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmimmmmmmmmMmmmmmmmmmmtmmmm^ 
aomwit 8a««6 m aoinfiai and Polmitlal 
0«(iti»3. Arid zoQt E«««areh laatltat«t 
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Fftxoiag pmetioM do aot meomttr tttoh higli «riaiti«»« 
flie pot«itial8 of Ibxmiiig fl«a8(mii lmv» hmm •horn in Flg«l!t 
vitiL alaisoB ariait^r is ir«x7 XlnittA atta tmttaiiig to 
eilcar tltlviot Blmm^ fb» aslAilgr liidos darlsg 3m% to 
Soptaa^r in Fig* 12 sttovt po^mMai diyiaiid oxtaadta to 
BVBoat mt a^34>v« dittrio^. ^liiit th« ariditjr situatioii 
tvm 4 ^ to @ept«ab«r ozhiMta niaiiaitt ixy^amA poteatiaX 
in Siicart ^aiit Jaiovo aaft ^tmjlsniu «ii6 JodXi;^ ^^  <Hg«1|K 
At th« eroppiag should striotljr Bpiv^oNmlmt ^tk 
th» faiay poxiod ia dxy faxmiag #iily to Soptoabor ia »ora 
iriabXa evoppiai aaaton iaotoad of ifme to SaptvalMir* It ia 
baeauta airiditF iadieea axa Xovoat fdr tliis pariod* 
HaxiAim arta aan %• tvaattd imdar tba pXea^ la thia paxiod. 
Ia tha viator or rabi aeaioa ariditir iadiaaa art 
exotptiocmlS^ b i ^ at abom la B'ig«f4« Aridity ladioet 
art atieb b i |^r tbta tba aoauaX aridi^ iadiaaa tba aetoidL 
ooaditioaa art aot ao arid* ^Hm bii^er aridi^ iadieoo art 
baeaoaa of alaoat ao xaiaa. £bt pot«itia3. ava^traaapiratiea 
ia aot bi#k« m$ toi l a^Utort of tbt fcaia^f atatea ia 
utiliaad for r^ l^ ^ oropt abaa ^ t H u l l eropplag ia abaadoatd* 
^ s n i l saatoa of drr fSraiag ia iiaattxa Ra|astbaa 
ia aot tba tant at ia otbtr parta of aortbartiZadia* Sba 
noimX ai&k 99mm ia aor^wra ladia aturte at laatt a aoatb 
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WESTERN RAJASTHAN 
ANNUAL ARIDITY INDEX 
\c-~^^-~^^^\ 
INDEX 
r 
40 0 40 80 120 
I I I I I =d 
KILOMETRES 
SOURCE: BASED ON MONTHLY PRECIPITATION AND POTENTIAL 
EVAPOTRANSPIRATION DATA,COURTESY,CAZR I , 
JODHPUR.RAJASTHAN. 
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/ 
WESTERN RAJASTHAN 
ARIDITY INDEX JUNE-SEPTEMBER 
EXTENDED KHARIF SEASON 
^ ^ 
C^^. • \ sr> 
KILOMETRES 
SOURCE: BASED ON WEEKLY PRECIPITATION AND POTENTIAL ^VAPOTRANSPIRATION 
DATA,C0URTESY,CA2RI,J0DHPUR,RAJASTHAN. 
FIG.12 
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FIG 13 
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WESTERN RAJASTHAN 
ARIDITY INDEX SEPTEMBER-DECEMBER K; 
MODERATED RABl SEASON /^: 
i j;? :••:;>- INDEX 
''•'.'•'•/ I I I I II 
90—94%, 
^ 8 5 - 8 9 ° / . 
8 0 - 8 4 % 
40 0 ^0 80 120 
I I I I I I 
KILOMETRES 
SOURCE: BASED ON WEEKLY PRECIPITATION AND 
POTENTIAL EVAPOTBANSPIRATION DATA, 
COURTESY, CAZRI ,J0DHPUR,RAJASTHAN. 
FIG.14 
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Xsdia aofttal f^^ »mmm is trm ^&mm1mr to ^prli* 6» 
$3ifljm^ of i^ttixii fialASibfiii r§|fei^  trntQa i t aodifitdi to ^w 
pttieA firott 6*9tiBti«if to l^em^exf M%i oroa^ ar« proftnrod 
^>^ i>^ 3*B |^i£|i£ oi^fpiaf is i&ot piNMii%i« oitlior im to 
small dolJijrod roi&liiiU or ^ o to 3.^ 1^ dxy iatorf»2. af^ir 
®m miSiMX owy «a^ln» vog^m Bft|{m19taii io iov 
omd pyoeaxioiis btoaast noitlioif tlio Soy of BmtsiX soiitom aor 
tlio 4Tftl^ Uai @oa staioooii io oo8Bivoi:ki<Ki'£L3^  ot bono in t^o 
rogioa* a « aiy of mm&X mmm&m »ft«r ovoooliii o?o» tfeo 
fwnt €^aii9tie plolaot <B^ ipoliovdiJig uvusSik of ito xoiotvaNi 
traiiio m ttm omotom oiofoo of Aaiwaliio* Stuaomtliig tlie 
4fmiralHat tliio toonoli fliiao itio^lf ismmUMg im vot^en 
Eajaotlim ana got^Uig immor audi dfi«r» At a toottlt l^ o 
rai&fiU oliati^lr dooviawit wootwKrto* 
f sSio m H ••mtm e«iiiot h9 ^itiaitd upto 
f^im»M^ a« t l i i i i t t ^ ftoitii of mvf iov 
tiBip«f«tari« aad firott* HOIBI 4mms»f 
t«apo»itart iwnioo frea 4«7^^ ia 0«afma0ir 
to IO«4r0 ia MxmmPm Ooe«ai«ttai3jr» mBvmsest 
faUo btlov tofo 4^p«o« 39it7ofox«t ef<ofi 
ohoiiH M Bionrootod 1>olOfo iliHo tlao of AQtmmm 
aal fk<oot ia Smmof^ 
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OB ^^ 9^w luBidf til* ilumliiaai S«a mmmm^^ 
ttmfWt^Mg mmt £atb&a»t» ptnlniiala of Gt^ faymt •!»%•# Amu 
teftty^ipv ia r&lii aftMaf* l^ awi I^dmliig a«v ot»r t!it 
IaiiABa«»f tlii aoie^is* IMia i^tls aam •vttpor»t«A faram litiov 
«]i4 l^itiif zttiafall. potaamola art U»m'i9 «t»kM^ «A«i 8oif*7«Pt 
vlmi l^jr M&w f ^ ^ t r iiO i^id tliiqr li&A tliin««lir«» stmnixit 
patiOJioX to til* i»efaUi0* Tim JkmSblm ioa mmmmi ioos 
not get opportmitr of an asoent and dpianl^ ooo3iiig« 
iTMtom BAlftB i^aii Is iTindorod vii3i lov and asrsfttit valiifftaJl 
di»i to E^ia faa^la afproaah of Will tha l^aai^a of noiiaooii* 
4 
Vaatim ^* mmmmp mmmm ataoa:^axie Itmldi^ ia 
t»l»l^ M^ la tltla 990,m »m0MM tpm €d j^ ar owt to 
1^ pmt mmt* ilia fmiaat liovaviavi ava not In ftooofdaiiat 
idltli ^» ralatlva liMiditr* ^ * ji^ aiiaBaAQB of •eaalir ralaia 
mar %• ftttillmlwd to ttia asiat«ei<[M of m* ^ mmuX iA'wmtm* 
la tJia lovat txopttiliara at a faai#t of aDotit l«§ te Ofor 
vaataxs Bajaa i^aa* in a»la?«&aly ataltXa daaailgr gradlmt 
pvtffaVm la tlia atBoaj^ aifa* &» a taotilt of i t tba aaoaat 
of al^td pyava^aita fox* yalafa:U. iMic^»aia»f la aappraaaad 
aad is mmWLm to flaa adSQiiatalf to tJia ptOMt of aatioratioa 
dMpita i t i iii|^ aoiatafo ooat«it» 
^^ sluOioir fluMso^ ottsrrant is oimrfitt liar dviar 
eatic^oloaia sXw at i3m liai^t of f •$ to to 4*0 to* ftm 
JOl 
0^«v »tiiii«s t«f«i» ti^ aifitzHmUm of fi«B99]^«Nle ii»3e>osolJ( 
at «& lapoHiiit fae^»F asto^itttd vlth tin tidiftl&iiitt at 
ai3r iiirt# lOii dtsort r«il«a!^ Mwww^ I t 2ia9 1»M^ 
Butt ^f»tie2«t lNB»e oftia %•« eoKktiimrod 
«QBpa«i«it{Uf3r to ttm mmhmim& oi mm^mm ttdm* I t Is 
eiamonlir l»3.<l l ^ t iSm Ami pxrUeXm &m ^leir oilgla to 
th« por«i4ioiii0(»i i^ilfdt«liiai and dnttt ttomB, ^«»* rntautt 
i3^gf*Qteopie puHglei«8 fom ^ « aia«Ui of rain dipopt* Slier 
ai« tlajT ttnott^ to x«eaiii Iji anajpMMiiOft for iiovtaml, aa^ 
to^'&or* Qftm i^ oipo ftfta irovy teoM olottia of diiat In 
veatoxB Bajaal^ iaii vMi^ ooiB|^ « :^ijr o^om^ tlio irlaiHlllgr 
of t^o Sm tviii at BiidMi«r« &« iioat of ^lo ini t par^^os 
vofloota&t aad ooolf iiia^M»g thi» mtor irapear to oindoiiao 
agaiaot l&im. 
10 SifaoBf E«A» iai& BiMrtioOf ]E}«4«» "toaaiMlitioa of 
Ha|03f oilaatio Kodifieatloiift m& tlioir 3tefXioatiGii8i 
lor^uroat Jteiia» a easo for atuiy*! lEUiLlift* 
11 liot^Mit E«} "Badiatii^ OMaiito of H«v BtSM • @2iort Waio 
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(A) I ^ *i^m}m* Aft ywffffflft 
33MI mmmw mmmm ecnaoEiSjr IAOW MI soutihirtftt 
moneeai la aluamettsittd lAth l»r«iani» burtta •&& jnOtatoifr 
«ovai«t»» 3lit «»«»•• ot tiMiUa oir €A9» In BMMOW tarn 
not pMeiMljr kiiowi. On* irlmr lnoHi that t^« ix««#aaflti«» 
of «mm ma a^ r air of tht ecntliiiiitel. iatovioim titm tiM 
ii07lli«oat» Sliist inrtalBi eisi la«t for itirtml v««k8 mA 
ean aaosgo the eiop partittUr or i^Ujr atpmaiiig upon «lt«ir 
auxatMn* 33ioa« vost^n aiotur^inioot aet aa a tihiok a^alila 
Xia of air ooiraslAg tho ttcnaoQii aiv* Saiaom^ thay atta 
aaeeaaa ta fttaimig tha ttoaaoon air 1»aek, Aa tha *toealta* 
in aoaaoQB OT«r thia ragioa ara ralataa to tbi paaaagaa of 
aararal vaatarly aiatav^Naioaa in oloaa aueoaaaioa ovar %%9 
Hlttaiayaat vliara vaatarllaa atilX hoXa avagr avm ausiag 
tb» aotttlnraat Aoaaoant tlmaa ara iMliairaa to fa l l Hia 
aoiUKMxa troai^ nerlili Iftto SOkaalassraa eatiaiaK haavy ralas in 
that ragicti Mt oauaa tim eaaaation of ralaa oftr t2ia aliola 
araa aoath of attb«aoa^»a ttaat, 
A ralatlimaliip battaia tha *va8tam aiatorbaaaaa* 
ana tha *toaaka* in aeutliaaat aoiuioQa avriag JoSjr aaa Anguat 
12 Hooiajfi !},A*t "9ia BoXa of Waatam ISiatnrbanaaa 
in tba Proaaetion of Vaathar Ovtr Horth-jlaatam 
Zaaia aosiag Siffaraat Saaaoaa% maim Joiir. 
m% ffi^t gf^ ylOT» » Vol»Xin, I957f pp.253*72; 
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htm Um Bm^t* 3l9t« stody Indlesttt that th« IwMks «r« 
gmwraUy pMe«d«d ^ at ieaat tvo vttttrljr navvt in rapid 
auoiHisaiMiP Bevavwrt i t la not potiiltlt to 3«eata any 
eausa wA aifaet ralaUon^iip of ^ii« phtaoBiaoa* 
Aiiothar tiav attout tho luraalai In tlia aonaooAo 
axplaiaa that mrea of lov praaaioro in tha ho4r of noaaoimal 
air apptar la i^il^  and Au^at. jSOvtirari wall AavaXopoA 
dapyeaaliMia appaar oaaa or tviea a month* Sh^ txaval firaa 
•aat to «t8t sort or laaa ooaourmtly viHi tha hii^wiairal 
aaatarly vatta, She tmrat in tha epaafi of Muitar2y Jet 
eauaaa loeal atraagtluailttg of lov Xaval mottaooaal fXov. 
i^ haa tha aaitarljr |«t aevas fturthar Aorth than uai>aX» tha 
vaathar in aaatam Eajaa i^aa haeonoa aaddiBlar driar and 
rvBaiaa ao for aa long aa thia ahnomal eaatorljr J*t ahlft 
Xaata* Aa thaaa hr^ka in rainf ftXl ara attrlhntad to the 
infiov of tropioai dapreaslona vMeh ha:va gulta a fXaotuatins 
pattamt tha anomt a« naXX aa tha Intanaity of montowi 
raina la lar^l^ dataraiiiad ^ tha fraqneno^ r of thaaa 
dapraaaiona* She aaaterljr Jat atrean ataara tha tropioal 
dapraaaioasf 
f 9 s^ Okaroii s,B«9 «A Qtudsr of waatam ULatttxihaBoaB 
and 'Srealca* in tha Soath-*Weat HQttao«n"t 
fo7trw5Jp75* 
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tim Ytxgr Umtefm freii#K Orer Zfiila ttwit « %«lt of iov 
ptwmsam vmm txm mrktmr 1» Oiileu1»«» eaXlaa Hkm nonto^ sft 
t i o n ^ mai%mmp im i t s ofiglik th» tvm^k O«<^UA^8 aortli 
ana «oa^9 •OQHtlmoa voir ftHohtXjft ««iA oi^jwlsti an aU 
porvadlag lii£Li»Ri^  oil tli» ditti^ Llmtieii of ralaa* Wlwi i t 
i s l4>Gatt# ooaj^  tlui Htwali^ft h$wry x'ttiftfiUi oiii ooousp la. 
tlwt rtflOR iMlA tlie f««t of t!io domtisr »iiar ii^tiltaoi 
*%Hroa!e@* la tim mmmm* 
Wm stuKf of ^jtmiM ia ^lo noatooii i t of fixtaiotait 
iapor^oioo la laiaovKtaatflag tli* l^haviov «id offii«t«ft«ao« 
of ttoatoos* Xa faot» i t i t ttiit aiipoot of a<m»ooai iM#i 
aalGit tltm all tlia aort iaiwrtaat to lio aeiwitifieally 
pmtmA lato« ^ofo ia aot rnmh to mwst Aboat tlit aoaaooa 
•xeapt tliaot lm$ i i r latofvmie la irailaa* ^m *toaalai* 
i s HIS gvoatast ooticwia of inr^ -aad fluemor* S3MIBO )»ft&I» 
oalar tia'w eamai aoasoai tlie pyoirsrMal rtpatal^oa of l^lag 
tmoar^ilaf aavslla^lAt pr<roarioii»t ofxatiOf eaprieioas 
mA iSm Hits* @o aaeli so ^mt fsros tlis Sasm of Basapfana to 
tits pfosaat tiao8» tl» aoasooa Ui ao tvo 3rsax*8« la ao t«o 
sitoatiQas liaa %$m alitot 
Wm mmsvmm mA iariitiaa of *axar tptUs* i s 
ssetoilaipjr naoav^la fvm plaot to plaoa aaa faNHi tiae to 
tiaa* A pmlmmA ^rtalc la tlia oarl^ r w^ of ^MI saiaar 
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»9emm way Oftuoe ^ e youag 8«tdllja®i %& wl^mt awijr* 
On thM o«b«r liaria» a 6gf wp0kl Xat« Hi tht raliyr ••asm niaar 
dfop* Sli# m«iiagiDi«it of dfsrlaad <if»p0 wmH aot lanrt ^t«i 
00 4i.f£lQiilt| imik 1^ « xttiatt )i««ii tla«3ar« Birea ^ t b a 
tli« iz^lasid earops 6diil4 b« eit3.tiii«t«a« Bat ^tm gireatett 
of l^a p70l>l^e of Ax^ r fi^ emtag i t Hia *efyatio l^ roalee* la 
raias wiiioh mm ^oth diffloaXt tei p«tdlet m&> g^iorallae* 
fM@ tsaa«i(^ of bziial» %o^eB itay effoetlYe aaalf-iia m 
thm* ^^ liaiavaa of ik» long tli^ laiortala <»a h% laagtaod 
vhea t l i^ ayt fnaotaatti ifith t!i«i alr^idsr tliovl mSxy t t a t ^ 
ia vcatom Ea^aa^aa* 
(b) Ml^gyaM gf ^MPQ; 
Sir tJit tad of Au^iat !^i» latiaai% o&d dUKatloa 
of awahlaa Ima iNklatLvaljr daofaaaady taaparalmraa l^gln 
to l i ^ aad i3m »v»g% of aoti^iifoiitajrlj air beglaa to got 
iroalsor aad •paaaodlea^ alaioat lo a »^»iot i l l la tb$.9 
rogloa* Xa soptaa^r Hi* disTp oool aorthorljr ei» btgiaa 
to apftad met aortiiaxa ladta* Hio ^atarlir jot voalctaa 
aad tlie i^ptr ^ropoapliario aaottrUoa noira mwsk aou^imi^iat 
Bioanao ^le »oi©t tfeate^lioa at lover iayala tsaooaa mmlftr 
and iraxial}aj| t^ WQm$ ^itr af« eoea paaiiod h&ek aad 19iat ie 
tl® nit^dyaval of aoatlaroat soaaooa. 
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Baf3raii«« sat iptgiiiii «f i^ atex* tmsm mm&n»*9 f»»w of 
@aagBSM#uPf BilbHii»is*» ClKaumt jnit8i|'|lsiaEii& laaidi Silcsy 4iii('liMl<i't9» 
^«9« «aL«tiir9 vlattr rsiat are aiwoeis'led idtli tlw pft8i»i0» 
of M«4lit«tx«Ei«e» flepTMitiaM iM«3i 9»m tttmrnd lute ^a^n 
r« i ia i ^7 tlw ii«»t«rlar !•% #tft«Bit flui if»»t«rir Jet 8tr«iii 
i e Hiforeatedl ^ ^tm Wm%m taunder iAta tm z^«a<ilDt»« 
One l)]nato& #»#• aor^ of l i ^ t and aaotlser l>i»aoli is tfumsd 
eouldk Into ladia* fl»i aeaa posii^oi of tikis soathsm 
l»iraa^ of vsstsrl^ |st sts^sa is ovi^ i^^ iatitots* Wtsm^ 
tKui ttof^lssii s^i^in i^ts soRS vfjitisr radufslliy to ixmbis 
wm. eropi^af, i^«^ is iKifaiarljr oaUst tlis i ^ ts r imlas 
Of PISIJ&O* 
107 
aoim OF mamm uk^ABmm 
®imm i s a gwitral Ama^ of tarstiafttio wd 
seiiiitiflo lafsox««tiQii on tist tolls of vottom Bft|a»tliaa» 
oopoeiall^ oa m r^gimaX basis* Boii«v«r» roomt 
lairaati^atlait about tht aoila of tbi Zaaiwi arid aaiia Sa 
goaaraX aad tTodlipar ia partioalar bar tba ladiaa CouneiX 
of Agxiealtnral Baaaaroti and Xadiaa AgrioiatosttX Eaaaavob 
Xaatitmta faaira pro i^dad vaXiaabla iafozmati«& about tba 
soils of tbs araa* 
^Om aoiXs ia vastam Hajaa i^aa ara gaaaralXjr 
sandy to lowiy aaad vith 2,o»6«o par o«it alagri 1*5*4»0 
par eaat aiXt» 10*0«»90»0 par oaat eoarsa aaad aad 65»0'«^*$ 
per oaat flat aaad* OrgMio aattar ISfsXa ara gfaaraUjr Xov 
aad soil otrootara i s irarar mok^ Hoat of tbaaa soils ara 
aaoXiaa ia origia» idtboat aaar atraotora* 3ba aoiXa haira 
vidsr pora»spaea* Aa a rasaXt of tbia eharaetaristio tim 
iaflXtration rats i s hi^» Slaea aost of thosa soils hats 
astr«BSlar lov psroiiitagt of aoaaiiy thair vatar boldlag 
oapaoity ia ymry littXa md loaa of aeiaturs tiiroa^i daap 
paroolatien ia ooaaidarabXe* Heaeat tbs «atsr«>tabXs is 
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ttad sta^ laiier l i i # tMiiQii and ie I^ KTil^  ii8«i^« tugr 
plant i^0ta« 
Bw «oil0 «s« oftffii ealQaf«oiui in tlit XmiviP la^vra 
vi^te daptlid mxar* 4i«paiidiag upm tim d«g7«« of l«ftOS9iliig of 
oiOalm ana ^o iiAt»x« of tli« lolll. it«*3.f* mt tttttltaiit 
&uhmmvi3ptM0 9MemmlAn.m» of Um# at d«f|]i« of 7S «a to 
I BtlaNi earn esUea liard pent of HUIKRIB! Sovoir^t M ^^MI 
r^infull ! • 3.«8« and o«8Mii« ttstilor la »iftgi« tho aolla 
ay« aot vorlmt «p 1^ inailo aoidSw flia aoila Bir« aoat3^ 
e,it^et9& ^ droii#it ana li«vt limltaMmB of ovop f^ot eooo* 
la fioat of 1 ^ ftrts m$»w atwSsFp tha aoiia aro 
aa»oat oovarafi !»ir a %M.ek aiatla of tiia %lmm aa&A iMoh 
itiMliita soil erovHif ?8»iatio&ii ia i^lo^oaa. foauitioBa 
pf<»aut» ooryaapo&iiat rsaimtimB ia tlsa ooaaiataaesri dop^ 
aad ooBpoaltion of tba ofiivlyine aoila* Altliott# aiaar 
aaeoiiaaxsr i&odli^ oftliioiia ttm twone t^ in liy t ^ e3iaata« 
topogmplxr m^ oiiaiiio aeeael«a» tlio ftt&aattiatal oharao^r 
t Siii#» S*S«» **Soll Oliafaottfiatlee of t ^ 
a JJmftAi A*» Snaaa daogtapl^ of tlia Xadiaa Doaarl (tlnpiibUabaa P3i*B, fliaaiat Aligaif!! 
loallsi miT«z^itr» 19^) f p»124t 
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Of Htm aoll f fon^ tmmism mo?« or XmB Hi* same m ttioto 
Of th. p » « t m k . m . iMeh t h v » • d.«l»<? 9 » . a l l . 
meie-luvo «tt«&tlmt i?^hl20ipli»i^  sad saljUillir di» to 
Silfeytfie«a in Ihtir paarmt roe^ fltia tfoluticHittxsr lUstoxar* 
^10 looai topograplur ol Hiie area )»• m l&i^rlaat 
l»«ar&ikf upon tlio to l l pr99«r'^o»« 40 # l^r ojEwifliOy tlio 
nettm iM ^9 i i i # sand dmea and i^d^a In Bamorf Bilaii«r» 
^aiaalaer aad «««t«m ^odhpir art l^ ooaa aaa^ aikd eaXoarttooa* 
la araaa i^r« ^m aaada liafe el^MXlaad dmt to ^ « 
aoewnlatioa and adaixtora of ela^ r isid orgmie aattart tlia 
aoile ara mora fariaia aad i^apiot aad Tmmt a aoaa of 
oalolia oaz^ tonyal^  a4sei&iti2a*^ oa la. fiia foxa of *lcaiilBUf* ixk 
t&a aaliaeU iilii.*^ ia <mttaad l>y tl* taa^la« dom of llaa} 
flia lajrar of oiOUslm sitrlNiaata &c»diUlaa ai^ pmamt a ptiyaloal 
^rriar to tSta paaa^ratioa of roots of mmy ^%wp rootad 
p!2afiata* 
jAot^ar diatlaot oSiara«!tariatio of tlia aolla la 
vaatara Balaathaa ia rmef lov pai-omtoga of olsor emtmt 
Wediai D.H* at al«t "^trodiiotow Sota oa ^la 
0aologloaX f^matioaa of tha SoiXa of 
£3BBmA§ A«i Of« oit*f i»*12S« 
no 
«spee$BlJjr In ttm u^«r liofii^* Sli« mtwm Hind me^im 
in tliv d«9«rt «id rai««eff ^xm to oecwuiSjiial hftttvjr stoirasv 
r«aore tli« top e ^ lajrvf a&d ^ii to i l i» i*iiia«r«A mtm»9» 
ana mma^ * Eoirsvtrt the aiaofrnX 0oiit^1» of %hmm •oi ls 
rmmixi Ijea^eHy mdioturlsoi a» thfQr taee l^xsoS iaid«r tlie 
tttebaiilie! of pl^eleia. ve&thtyiiig,. Btsidoo ^il«t iSb» m$:iM 
rnim ohsmotiKUiod %f eontalsiliig & l i i # porooati^ of s o l v i t 
t s l t s <* #d«ib ]mir« voonltti trm WA iaooiploto loMhlag* 
IH h^ pS valuoB eod oftia «i^li<saat iaoiait of osloiuK 
oarl^ Qoattf 'Bm aiofoblaX @iiiri70iia«At of l^oo toila i s 
•orgr poor* thorofoxtf aoag^ Dttotofial aotlipitf ftnioys 
tlioao «oi3.« Yiapi04lttetifo« Ulmsfmvsmlmm talci psrt la Htm 
aoooBposl^OB of orspmio yeoidaoii aidii to l^o to i l m& 
hvtHA up ooiS. liSBi^ * A oQH^ ^^ TO «B:vix*i3fuitiit for propor 
atoitk^iologioal ae14iritios Ineluiloii optiiraM fto^atlQa mA 
soiitay«i» toloimbXo tanptftitaro irtitnoo oad ftdOfoato 
ATalloMILi^ of siaoral nutzliott foid nitrotm* SSio oaptom 
ooiX «ivi3fodaiiit to pvcnoto aiei^ obi&l. aotl'vll^ft 
3 thid»f p«fa6, 
6 Strndarft Beoi W«?.fi»i "Sosie iepto'^ of Soil 
Mlevobiiolom ^ EeSAtion to Soil fortlUtr 
with SpeoliPk Eef0f^ct to Aild £<«•**« 
iiffy^ylHyt't i^ tft M l mn ^om?^* nu^ 
HI 
41^M»ii^  ft gt«ief%aiMd fl«v of flit ceil* In iM» 
wee$.m rmim tbmt tm mnSy toils,» Mt mm ftvtfti ilfftvmitiatlm 
vtiNiftlt eootiitfftiat vmviatioii i2i tlitli^ uroXoVf ttxtturt* 
•tiu«tttv«» ftt?fttiQii9 tQBpfteti<8it Al6xi»l»ifiX mwitmmmit 
wftttr lu>XAiiig ta.pft(ti% •&& ftrtlMtisr t%&«ttt» flit t t l l t of 
vttttixi la^'yuoB MH bett %9 tii;iiiltd la tlit foUovliig wmw 
la tSit ttorthtaetezn i?t||l<xi tlit wel%» tyt oonpottA 
of flat &U,tm & ^ Aiw fi?tdQiBlaisitCi^  ta&ijr la astnztt «it!i 
a poor aoitttiyt liol»dlag ^piolty tad i^ oi^  ptmMMlltar* 
Za Clmftit thi^ oiiov a eirmh ttsuttay* and fria^Xt oeatlttiaot. 
fhtr l)ai^ I l t t i t o l ^ oa tlit ttunGfttt Imt la flit l&mv Xaytrt 
tilt <^ to9^  eoat«&f slttt i» abomf 40 par otat? M Sll(ar« 
ltoiMir«x*« ttfci ffitla firpta liairt ^ta dittlagoltlMNIi* Xa tlit 
toatlitattmra ttbelXt of Sri lladlu»par» BttalEatlitaa «ad 
Dmta Um&^h$ tht toil i t 1»tfttip la ttxtart and ftrliU%* 
At oat tdvtaott tonardt t ^ vtttoxa partt of Sikar tlit 
to i l fumt lafirior aitli laai^^tjiag pS iraXatt at tail at 
%hB ptxaaafagt of total toiui^lt oaltt? S3it toilt la t!it 
7 AiamAt A.t op« oit*t p»iZ$m 
6 HaaX atposrt of tbt AlX tamM Soil Snrftjr 
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iriifgfji Mile of SimguuNitmr and €iiilltirmt«d ffoilt of tlit 
amis 08iml mlm3t§ &«• f«llimlili i^jr in mime audi g«it% 
vllii fvia^lit Isttpt tuft t«v«ip IWliS neaulMi? 
JM %im m&tmkl parts 9 ^la aoiX i^ilaa H^ QB aana 
thirotigli gmml aaiiA* eaudy Imoi iMi voek gmvaX* In tagaiir« 
tlity 9imw a diatliidt iapsrofaaoit in fartilitir l^ raa neif^ 
to aott^* ^im ^afal^  Ladnun aadi I^ dinma tahalla im!m poor 
sella tliafi t ^ root la tlia diatriet. Bajroad t&taa talialXa 
a oliafiga tvm aaad to l i # t li^ m Haeoeaa mora liatliiet« 
ffaia laMoataa tha aigna of laprt»imi«it« Forl^ ar aoutiwaat* 
varAOf trtm ^o^i»r aol3« gtmamlUjr obov a eliaaga froBi oaada 
to olajr 3.«ana« ^»r ava poor in nltroioa a&A tba em^bm 
aitrogaa ratio raagM %at«a«i 2t$ In tlia o«^tlra^a m& 
iatifocft f 12 la tlia fir«la aoiaiaj*^  
flui aolla la tlia diatxiota of Bamar aad ^alaalaar 
Sa ^la aoutlnraat ara dlatlaetlf naadir alioifiae a31 tlii 
f iHd«t p»aH» 
to ilmadp Aft op« eit«t p«t27. 
1 1 4 
features et Him desert 8o43.« On th$ im§t9w& txiMe* of tim 
mmvtf iimy simv a el^ sse mttiMlt^ vltii tlit eoHs of t2it 
fhaippar^r dlvtsim of SImd* 13i«y ftr« teo«B to oontaiii 
fO to 9Sf por eont of toaiwap $ tq) 7 per ooftt of oXay fstd 
sve ii9uedljr defiel«at la oriuilo s&tter« la 3&iM9M^v$ tlie 
eoiX i s generally fiurt eaiid idLth alaor "vmriaUaii tiiflii«&eea 
^ «»« du».. . d .p]»..»a d » i i » ^ , i«»>. i .r 
ft% pli^ ioXogleaX divieions of the soils in weetem 
Eajast^ tiaii ie ftleo tlie fitaotifiit of ^e parmt oateriai iMoh 
i s ^rsr !isterogisieoi»i la geoXogieaH foxas^oasf suoh sm^ 
ia ^ e esst tlxe soils appear to tiave beea derived froa 
mixed aSlwritsi of metaaoTpbio sad graail^e sotsrees fareei ttm 
4faimlMs« 1^ii3,e» la the aid«ve«tera parts of Jodhpar sad 
Mlkmve twm Tiadibraa sediaimtan.est ^arassie rooks aad the 
hlova material^ la t!ie vestezaf aorthvesteza aad aorthem 
parts ^e aHavim is derived trtm BXmXMJk sediacntaries 
aad the deposits of Biysmsnati aad @ha®gar* S&e soils of l^e 
Lrni basia la ^le southeast asid plaias of iaterior dralaage 
©hov the deserMe oharaeteristieo* 
If ihid.i p»l27» 
t2 0\i^ta, B«E« sad Ishtf^ PralOEtsht "^vii   G y Bavimaeatal 4a||rsis of theJliar Pesert». CBehra l?i». 
2* mm, 9iMm mmm^ 
33t«s» @oil0 oecar la «i® Iml hmin mA tiit j^laiiis 
of Interior dreiadge* ^ils afoa WstXlM app*oxl»ato3^ 1)otv«4ii 
300*400 sa iaol^etsi imfter M ^ ^ssfoyattu?o eoalitioae, 
fhm tolX aatoriaS. appoaan to tmrB "bem doriwd f^ roia olsrod 
eoayeea of i^ooaot aotaa<»^pliio <iad ?i^ a!33raa satrdatoiioa* 
fheoe aoUia vaf^ trm pale Inrova to voftk ifoft ia ooXoitr» 
tlioir aiurfa^e taati:Qpo irane@ ftisis l o e ^ saad to loea aad 
ea!»80i3. tentaxe irarios trm angailar to ooliortat staaa* Ume 
emereUmk feaorallir oooHi^  nithla f§0 ea of depth la tlie 
s o i l pirofiSie aid veathered aate^laX aair appear vltMa 
i&Q m depta 07 1»eXo«* &e aoile axe geaeraJUtjr aoa»ealliiet 
aoa«eodio Imt tlie^ tcad to 1»e ea:i4ae»«aodie imdeir ifxlgatlfiai!'' 
flioae eolla are relatlTel^ tmre tateaeel^r QuiHtated ia 
the desert* 
13 Melita» et ai*f "8aiiae<» 43.&aii io i l s ia 
EaJ^theat tiieir ]?a1airet Esteat ead 
E8aag^eat**t Eea* B|fflio.i;* Beparlaeat 
of Agriealtiaref 2iaSae^ia» 1969f 
pp» f»6U 
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lOfO aoitl^r Qmflii«d to tlio voot of 150 Jam, isohrelt* ^^f 
Q,we of aoollja oirlglii doxlTtd frcii ^«ri«d ^x^it i>oelQi* 
ffeoio eoaoifit of t«tT ioep i^iids to loesr •andf mA 0am 
Itght mlmf^t ^ ^ eoTor tlit mfial&^Ag oiady pXaiaii and 
8t&l>iXiet4 saoA duaes* Uao noditldi mfto l$«»3 per emt toy 
irolnae majr too preotnt toelov t20 <si 3Lay«r» ftoo t^oloeiMs 
of 8i20to lisfr aodttleo vavioe fxom 10*26 m* !^ide lioTisoii 
i s overljriiig ttoo ftao aaiidylosD si& a^dUil« ®io pfoooooo of 
XiiBO aodmlo layer toolov 100 os dop^ etiggotts oXIaatio 
(o) pftferl^ Pffjirii 
^^ voetem plain of Balaottooa ham dtotrt eoilfi 
mostly lA ^10 iatoMtaial 6f«&a« Sliey liairo oeaiidozvtole 
oztiftt iM Bikanert OtonyUf Baxaori ^aimMmPf ^odlipirt 
^wijliiiiifi «eid Jalofo* K08t of ISnl* ftsroft oonoioti of vlad 
tolowi 8811^ wltto yollonioto to yo:u.oid«to toroisii oaady to 
SQsidsr Xo@m aoilo* tShey are loo»i» otmotsreloiOf iioSl 
dfained soilo ulttto i^pld pomeatolHli^* 
)4 Otiptat B*E« and Isto^ nsr Pyaloaslit op« oit»t p*fOI« 
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Simlear {imxA fan) %M^r vliieli laMldts tbt vmt 
1»e0aii0« of eoaalr ir«^tfttl<m eovtr* In the e x t m * veet 
tlie mil i s l i # t and oanAr* Za tht ii®i#lio«rl^ oQa of 
ilaiffftlBor vltMn a mdii^s of B$ tm the •o i l lo TOI^ eteny 
and at©«fi>ui low rooiy eldgOB and lifti^ mduXatUig piaiiit 
000117* 6«a^al3^» tlioro i s an to$«miiiat)}.o 0«a of sand lilXls 
soQie of «lsii^ atloe to 50 motro# 
Fiurtlber novliii ia Biksa^' ipogloiit th« •oattionit 
oontral and voetexn parle foxs a plaia of ^lo l i ^ t o e t ola«i 
of oaad^ eoHf brolciii at sHort lEt»rvml@ %7 ridioo of 
a3®o@t pme mad* Is tlie iiortliy towards Qmk0met0S3P the 
soi l i s mo!^ XemX s&A ooaeista <it l i # i t Xoam» imptoviMB 
eastwai?do in (paiity* Xa tlio mk&t&m poaetu tlui aoil ie am^ 
loais vliilo In b^o soutlioast i t in iosa iowBir iiid aazid hilXa 
a?© mofo fwqTaaat;' 
fliooe soil® ars aoatljr asaooiated ifith tiio mjiiffiida 
of ^odlfffiiri BaganTf Paii» ^aioi^t dnxrUf Bmmmt ead 
^i»^»8iu« Shoae &se pai® ban^ wa eoila» looao aad atamotor^osa* 
i3 &a;^ ohatidlm]?ii S*F*f **Ciass;Lfioatiai and 
Fortiiiiy of Soila of Peaex>t and Si«i«D»e@rt 
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Xroa eoatMto h&m b«m tli07oii#:i|r oxidised to glv* tlws 
m r«& apj^eaiun^t poorljr a9T«lop®d iiorlfffiiis ani frapiintt 
of pariQt Tooke <H»eaf* &eiy te:KtaM imzl«« from WAdsr 
loan to ffiazi4ir o3jisr l<»iiB« isnfeiaf l^#r ie py«»t&t b«lov 
50 «» d«|)tli« 1% hm htm s«a«3rai:u^ obs^fvea tliftt th# soi ls 
ylii<^ am ssttiro anA doop oaoiii^ vitli vo31 dovelopod 
htivitm»$ tlM IfiBakar pans of ealeisitt fure usually at j^raatai* 
dapth* i£lmi» sroot gvovtb ia aot ialilMtad on atiah aolXs* 
a^iaaa gmj-daaert aoila are fouad ia Sagasr and 
Pali* Qiemmmm aara ^alloviah hrom, ^ i»i?oiiBt aaady loas 
to aaiidy olay loan laid mm daapi oftin oal6aT«o«kS iiit^ l i se 
ecHcioraMoaa at tOO to ISO m daptli* S^ a eliiaf oluuraetaidatlo 
of ttaaaa soila ia tliat thay liaira aligbtl^ differaatiatad 
hosli^niep %ut thay aara aot taXS^ davalopad to vaaeli tha 
ataga of iiofii^at diffai<aatiatim« 
Saad dtmaa oaoor i^ iroiii:faottt veatam BalaalSiaii la 
a vax^riag dagraa. Mt tha Mile of tiiia elaaa ara sataljr 
ralegatod to the vaat of 25 os i@ol^t« Tk9 do&aa lura 
l»oth ataltiliaad aad aotita* mm^mTf tt»i atabiliaod dnnaa 
16 ibid.* pp«fOUf06» 
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ir«ll9iiish bromt eekkememm flat saadt to loeoB^  8aaA» 
irM^ aair liave on oir«2l»2rS«si of r«o«iitl^ d»po0it«d| e l i^t l^ 
eaieaxeoiis Bmd at irazTliig depth. In «<m« ea««8 Uae 
Aodiiles a3jo oemisr at Tafdring aeptlts vi^iin 150 m. depth 
of fitaliiUaed dmes* 
StW8« 0oi^ e&'Ttr BaJas'ilifiA emml wrta of axid 
d«8@rt eoaflitioiiB* fhe irom^t aULtxvim IUUB 7«8altta 
from tilt disseotiim of Pl^stoeoiit a31tivlw« ^o ImportBiit 
Qliafaeti»?iBtie8 of th«88 80II.8 tarn ^« ttmtiliea^oii of 
pi?ofll«8» vidt fsago la tesituraX patteia sad trnxlahXe 
dtgr^e of 8allaltjr« 32i888 soils Ismk soi^^geattio 
oxlt^rial^ f%ie @oil aattrloX i s dsxlvod fyi^ tbt 
dsdiffiaitariss of th* Binalikit sad Hiaiaiajraa etilniGiitaa* 
01888 878 wtathsrsd 8oiX8 i^oh hats besa 
t3*aaeport8d to loag dietaacss fwm thsir sotaiws ttrtietiirts* 
It MUmwBf B.A* sad fastsfa* 8f» "Soil STsictars 
fattsms ia tlis &iliifi«ft of tlis liovsr 
ladias ^iMism^m jr> 8oij.„aoi«> ?oi*M, 
1969, pp«a?<»2t« 
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i s i2iiit&31y li«t«fogaie9t28i It emtitts of veatliwred 
@2*aiiiti<3 wm}m vltli liao laeinietatiaft to gmveSJy layer 
oonaifttliig 9t esde%oaiit9 6<mor«tloii» f»avtst p«^ I^o«f 
irregulsir timiBimts of wrndfitont sad g^mm* ISmtm soils 
are poor boats of imtttr* 
it) m^P^MrfHfm, 
Plazas art aselosod eliallow basias Itt t!^ HUi" 
aad saad dnao timets* SSis parsint matexlals are not 
aiffdrtiituted lit ^sM soils!^ Bmimoti vater eoXXoets 
anxisg %tm mio^ stas^ end tbi^ jr ^seons diar in ths swmer 
m<mtlis» ^9Te i s a total barrtoasse Qvet tlisss soils* 
Hoiftvert i t is mly ia s«&« of '^t iatotirsd localities 
vlieye saliaitir i s tolevabls sad soiststrs regitts pomissibls 
that s<»BS fislA ofops mm groiei* flisss soils avs dsept 
pals hmwk to dark gmf^ Soas of tbsir notswor^ looalitiss 
&m at Saa^ a^Tf fiidnaiia md lAiiilKfaAsart Fad^^dsSf 
t@ Ottpta^  E«£« and Isbwar fimlcasiiy op» ^t*t P«10?* 
19 Hafaysnai M,fi*f <*§«assis m& OliaittetstlsMes of 
tits Ooils of Ikfid sad SffisBiiwAvld Esgl^ Eas of 
1 2 1 
tolEarsa* Bftp» fb&h and s^ v&rlA* fism vatev-tal»le Is 
%h» @oiX la9f*6V9ii In IdrtiUtr tie^sm mm% to «aft iiid 
aox»tliea0ty tmeat&i Ulks^ aad ;Hrtsi^ mu, In saajr parts t^e 
soilB asftt taUA* or al^allao with mfiavoamblii p^sioal 
omdltioiie aad M#i pH wO.^, S&t ] ^ of tho soils a&d 
sands imrlss bet^ e^em t«t end 9*2 aead in many piaois i t 
ranges betvssa 6*f sad 6*8« ^ t ssa.t omtsat i s aot in 
to3d,o doses* It is fisptbor saan that ths oiar eoateat of 
^0 desert saads siost^ irariss betvsia a«S sad @«0 per e^t 
from vest to east* fhe iiltrog«Ei e^^mt in ^isse soiie 
i s Xover as i t is la t ^ rest of tlie soiis In ladia« total 
aitroi^i raages l»etiretti 0*02 la ^aisaSaer to 0*07 per oent 
ia Sil^ ar* litrogoi ia %lm soii lias a positive reiationsiiip 
vith raiafaii sad aega^ire reiatioasldlp v i ^ teaperatore* 
Fort&ert a irei^  oiose oonrelatioa exists bet«e« aitrogm 
and textureP §&e oisjr solis ^eaerailr ^ ^ Mgfisr aitrogm 
20 Bassiiit *^0«9 "Or^ciie Hatter Be^reaiwits 
of Ooii® uader farioos OMoaMo 
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Sfi4t affaeted K>il8 most «Qimo»2^  oeoor iiadier 
(a) SaXlaii Soils 
(b) 4llsa& 01? Ooaic solle 
In t&8 SaHs6 soils the sftdimt of ese^ @aige& I^e 
sodium i0 IJOW i*e*i leee tl@Q 15 per e«it» as a restilli tli6 
pB rvalue ie belov 6«S« l^ hey e«a3ttaiii ealt@ ist «oIubl@ f^m* 
Z& tlid AXtszOi eoilA i^i» p«i««atftge of sodita 
satumtiGii ie sio]?e thm. f3 fm& Iiiiie6» tli« pB tsltie is 
bot^ea 8«§ and 10«CI« 
Osli&o soils c^itaia aomtial solmblo salts in 
11X0008 to affiet ploat groirtb a&vmm^^t Tke solabls salts 
i» thm o^&taia apprtoiabl© smomts of osloi^a and m^m'^^lxm* 
flm Mgli^r tbo slsotrioQl oonduol^vitjrt hi^sir i s the salt 
status of tlio soil* U&mteT^ ssilifts soils genemUj h&v® 
31 E@he|a« P«0*, 
l<*t CAsia Fvtuiisbiia^ Hoti8S)t 
r, I966t p.95» 
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g^ oa p^ riKiiml. |>top«rtl@8, Plant grevl^ la tlim i s eM«fair 
affeot«d doe to tti« oi^otlo @ff«et of esofise eolulsle salts 
arestiXtisig in redoosd svmllsl»iU% of vatsr to tlit i^ laats* 
BesiSss t!ii0i mme tUmmtB lilES horm antl sodiua may 
ff^ns toxlo to spsoiflo floats* 
ms oapiUa3?f noviafiit i s ^ s oaiii oauss of saliiii^ 
of tlis soil* A fsv otaMzastrcs (0*30 om} of ths soil 
pTOfils frOB tlie surDnes liseoias saliiis» nhsvsas tlit Xoirsr 
lajrsrs tavs rslatiiislir f^s of salts. la liifit, tltls 
C0«»3Q en) io i l lajrer is most isportaat foi^  soil soist«trS| 
oirop atttxi«[its» asxmtioii oaa liaotsa^al aeti^ eitsr* 
m» f^olaiaatioti of salias soils i s oisGipaxmtitsly 
sasjr* l^e sa l^ eould 1»6 isae&efi aomwara t>sloir tbs root 
soae» 'Sb» izaiiiags la^ ^is salias soils iSt tmmrmPt largo* 
f^ss of tibe salias soilst stiieb do aot ocmtaia suffioioat 
solablo oaloitia salts or oaloios oarboaate voald bo 
ooavtrtad to altelias soils upm Isadiias IKI^ vatsif* Xa 
those oasos tlio additioa of oaleiua salts smk as §!fpmm 
or Umestois i s l^sasfioialf^ bseaass g^ rpstn iaorsasss ths 
iafilti?atioa of iiatsr ia tho soil* 
22 Alirolt 1*^ « •t al«| opia^iosiag AUcali 0oils**i 
23 Blxw l^ay B»E« t "Eselfsmatijgii of Oalias sad 
Al&ali soils«, ~ 
Io.2» Ift2t pp llsli f ils^t ladilaa Famiaii^ . ?ol»MIXt 
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In veetem Eajasthan uader low rainfall and 
high temperatures there is a t«ad«aicy for the aocumulaticm 
of soluble salts near the surface due to intense evaporation 
and the induced capillary action. 
The drainage and aeration of the soil is Impaired 
when the pore spaces are choked. Plant growth in the 
injured alkali soils is adversely affected due to the 
restricted movement of air and imter through the soil, 
A study was conducted on saline, saline»alkali and alkali 
soils of Jodhpur, Jalore and Pall districts, The texture 
of these soils ranged from loamy sand to clay loam with 
clay percentage varyiag from 7 to 37. 
!Che pH in most of these samples was ahove 7.5 
and the calcium carbonate content ranged between 0.8 to 
5 per cent?^ 
Alkali soils are inherently poor in organic matter 
and therefore ability of soils to supply nitrogffli is 
25 
extremely limited. 
24 Kolarkar, A.S. and Singh» S^ .. "Diagnosis of 
Sodic Conditions in Saline-Alkali Soils 
of Westem Ea;Jasthan", Annals of Arid Zone. 
Vol,IX, No.l, 1970, pp.31-35. 
25 Eanwar, J.S,, "Problems of Soil Salinity and 
Alkalinity", Indian Farming. Vol,XIX, 
Wo.7, 1969, pp.35-37. 
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B9r Grope groMi €ai sXloEiXi 8oi3le i t i» aATiH i^geotte 
to app3^  1^20 per omt more iii'fe70g«& ttian '^ist reeoaBeaadd 
for Bisi2.ar eoi^ La vMeh Bm not aX)aEkUzi»« Hovov^ trf alimli 
soils mm gwisx^Uy vsli s^pliiid «dltli pliosplioras and 
poti«8it:ffi?® 4e @lkeM soils ar<i poor in oriaaio ®&tt®rt 
^ppliealiioii of li^i^ tiKffiiti^ss of menixrss al^fwitli 
affiimdmaiits vi l l improire m>il stiraotttre @iia orop prodaotiidtr* 
fbs sxoltaageiilble sodiisa i s soffistiaes so M^ tltat ealoiisi 
sulpMtit i«e»f ^^Bim i s ussd to rsplaes soditBOt to ^leali 
soils. SfpftsA is bsst as i ts applioatioa iafflrsasss ^is 
iafiltmrnoB i^tesf^ It cakes i^ e porSi*spaos fresl; 
open to IioKI «ater sad oi^ gmi* Xa extrsms slksli&itf ia 
3o^pwt tlis rsdaotioii in pS i s lirouglit hf t!is list of 
stilphnr and sulpli»rio soid* fbii stodiss o^daot^d at tlis 
0«!itral Soil Sallziit^ fitssareh litos^tatSf Earaalt hm^ Bimym. 
tliat allmli soils are potsatiallt^ prodaotiirs i f a saital»ls 
teolaoloay for their suelioratifm aad aaaagesi«it i s folloved* 
fh» ass of gre«x ssaispMtt crop aresidaSf famt jra^ rd asaars 
(FSH}i ureeds aad o'^er orpoiie m&tBTiQM sitli sad vitliout 
26 Dtioslap B»E« aad Oap'^ t E«E«, "i^ U Salt* 
Affeoted Soils do aot Bepire 0^stis«, 
lf§lm«Mwm* 7ol.3[MIp io,4t i9Sf, 
PP«5t-58. 
27 Einoslat B,E« et al«| *^ {ix 0n»iaii oal|r in 
Po»9, t97tt P»4t. 
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^m reoSanatiaei progg&m» atiould inoXud® euita'blo Molo^cal 
m«t&od8* iSliese mmMmts sot (sil^ impmf^ ^^ mit 
eooaiticn© for moi« «ffieleat almorption of amtsieats t^ 
tli« plaat* Of tli» iaorgsnio wmdiieBtt sueli as gjrp^ m and 
l»lioep£ui«^ r^aiit eiOfbiirio eeldf if«e»t pspfitoe and iron 
@alpli3t081 '^0 istter aae&^intii me mete effmtLwe mt tlis 
esXeajreotid mtlB em tkt^ B&l%k1silim aatlvt ealoi^ Bit for 
fmrtlier reao^isi* Wtm 4«oo8ipo»ltl<m of orisaio aateslale 
iMpvemn soil petmomMXlty aaai tlio rtelamatiai prooei^ id 
aooolemted. 
Sali&itsr In vtsttm Ba,|a8lli&a is fortmatsljr a 
looalis^S pfo^ lQQ* It i s mostljr ooofiasd to inaXX 
aspreosioos* B@sia^ tluisSf Hheve wee tuo major trsoto 
whsro ssOtini^ in tlis soiH asewiss uausual proporMene* 
{B) cms i s in th# ^tresis »orth»i»S6t in ^i» flood 
plain of &M (kham^ sys^ei* 
28 mhUt EJ'U St al«» MiOias^ ^XkeOi Soils in 
Baiastbaai thsir Saitors, £;x^iit and 
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(l>) etecmd in seattertS ta^ Uiie patches !& aimth-«aet 
ia io&nm^t J*aU aa4 ^^om aisttiets?^ Alaeet 25 per emt 
of the to^ l ai<@& ie atfeetea hy sallaltgr-ai^llaitf» Soil 
eaXi&itsrt like testure ie also Mghljr a^rlahXe* &e 
eaXte AO^ upwaxdSp domnarde aand sidtvagrd ^th the soil 
mdiettiTfi mk& beo^e l i#it or o^ieentimtea in noeor^aaoe 
Slnoe ft »a|or ts^tov Ijloitiag #tt»p ^po^h in liie 
eaXt Iffii^ re^ated soiXe i s their ooaomtimti^ in tht root 
m&0 &ffating the ftvailahiiity of v&ter to i^ Laaite} Xeaehing 
the aalte out of the root seme ie ahsoXuteljr eeemtial, 
Boweirer« i t hae heen eeon limt the ealte reappear even 
after fSliashiag th^ oat of the root 8<meP SeecmC^ o^ r^ 
saUnieation of b^^ a Mnd leads to a sharp deterioratiQ» 
in hiy@TO%o^Ql regime of the eoil vtma saits flushed out 
fTcm th@ tipper horieoa reappear m it« t^ioh a state i s 
olear indieation of fanl^ mon^g^eat of the land« Oeoondafisr 
salinisation oan ooour ^th or eithomt a ohsnge in the 
ieifel of growid»«iatert mainly tiader eonditi^is of irri^tion 
a9 Shirt B«P* et ai«» "Soil Eesouroe Sai^ and 
lapping ^oti'vit^ in the lort^vest &zid 
Hone of Xndia«t gTOff^ ?^ |ffte of mteyi^^enal 
|mi|g§ltm,iP, M j I^RtiaM|<!M^a"ii^. .> 
50 m0m9 4«0« and T^bm^ E»| ^eappearanee of Salts 
after EeoliSBation of Baline Soils hy Itsaohing** 
l?4.PiPi^?t,WtJRfft mht t96tt pp.2.5. 
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of eeeoaaafsr eaMaisatlai liae oxifolred ^3ive%tm$xk$ aiii«ii8i<ais 
in ths m$mi^im emeX GJtm of GmA0magSi» aad Mkantr. 
¥ltli tlnf eoi&mlsslQQiiig of t ^ omiaJl la ^al0A3a«r tho ptobUm 
of seoomdaiy taiiiils&tloti wm to otpaad i t i toidsoos* 
Qmk & nalimitjr ie oftUod ttaii-4ikdi2o«a faUaitr* 
In 8t08t eattSf ^% flmh$Mg of aaHiio oolls veqalros 
good dfolnafio to ensure etaetiaMoe of ^M ea3.ted ii&ter end 
eoftentnig of the gi>otmd*»w&tez|^  S&e imseA pan of ea3.oli» 
ocBioretLont i^ob ie n nideepTeiid eiriX» Ispedee title 
oper&ti€ai« Slie fXuehing opemtiLon ehonid ^ pfooeded hy a 
t h o r o ^ XeiieUing of tlie Xeidt deep plougMng to deetrojr 
fieeuree end burroie eo ee to mature mifona leaeMng dom 
of ealtii?^ ^ e leeefaing mtee fire gowmed by ^le degree 
of ealledentlQn, the dep^ end ^^pxmlm of ground ifnter 
mi$. the orop echeme* 
Bie tiaanMty of en enendawt repaired for Saproving 
nllEal,l iroiie viSl depend mpon tlie etege of eoil deterlomtion 
ea meeatsired hf Bxohin®enble Sodilm ^ereentage (BSf) and the 
51 laiaittr» G*fl« end Bl^ nkaxniim r^enny HiS*» **Eeolamn^ (3n 
of Saline «id AUcalSl BoitM in Ba|aa^ian»» 
f„ggifff^^M.,fi®P!?as£» ICAR Scheoe, t960«63t 
iPtthiSAbing sonae^ 
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loToX to wMdh I3P iBuat be re<lm«dP fhe latt«r in torn 
depend ixpoa the oropt iataaded to bo groin* Hovrrert the 
xeol^saMoa of sand donSiiaiit eoll of B&jai»^ iaa ie not ao 
dlfflGuIt at i t 10 in the elay solXi* She exoese 8odiis& 
end magneslm i?eaoiml le more of ft job In ola^ iloh soils 
Boil erosion i s a severe setback to 1^ lljsited 
agrieulturaX potffli^al of «estein Bajasthea* Wind is the 
chief aa^ OBt of soil Mrositsn* Site vinds are ^m9V93LJ^ 
high in this area* m additioa to thi6» vinds haie been 
observed to bXov idtli greater velocities than tistaai in the 
years of good rainfall idiieh are not too i&aiiy* 'S^ 
desiccated soils are easiS^ lifl^d avajr by the oeaseleesely 
bloving ifi&ds a&d the soil strootore i s readsred poor in 
the deflation hoUotfS* 
She day particles by irirtue of their flneaess 
are reputed to bring coherence to the soil and maks then 
adhesive» help in clod ftoma^ont end resist erosion. Bat 
tt&der scorching heat* lev vater cflnteat and soan^ 
93 Abroly X.^ *» "3alt Affected Doile of India * 
iTeehaology for Heclssation of Alkali 
Boils", Paper presented a | the lade* 03 
yorkBhon^BTA^^ zone Research. CAm. 
Jodhpur, t964« 
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iregetatim eoyar 1 ^ tint olesr £srtiel60 ot 1 ^ soils art 
jfssoirt^ Hzwt £roa tlis ^ 6wtwm9* fliis Isai^s tlis soils 
tajtttmT eoaa?sst iQss molstars iretistlTS sad poor ta j^imt 
autiisii^* the mimmoe of saroidee hm reskolisd to stteh 
largo proportioas tliat i t is oslslsistodt soao Z§30Q§000 
ttmaos of surfaes soil per SQ* laa lias disappearsd?^ la 
Bikoasr r^m M#i niaSs oftoa oorsr tite sona flsias idth 
a lajror of ssadp ^»is prs^rea^ag tite gexaiaatioa of eteds 
at oa« plaoo sad at aaotlidrt i^ tsrxi^ iag 1^ top l i i ^ t soil 
sad eauslag tits ^ouag seedHags to irittier asasr* 
Over graelag ia tlis piodaoat rsgiais aakss ttos 
#70i^?9 V0tt of tits ifiad sasisr fey disiategmtiag ths 
eoil« Erosional limsards of sliiihtt modssmts sad ssirsrs 
iatmsitios oootur ia difforoat llaadfoims of thsm r«gioas« 
^ s imxm to the oultiirat@d lesids aad a^oultare pot«itial 
laads is doas aot <m2jr ^r oroei<mal tmeard teat d«p<Miiti@aal 
haffldrd also* Baziag ^m msm^T atnfiiSi t l ^ i^rlidads 
seoop oat the fiao ssads aad ths top l a ^ r of aUavial 
ssdlasats trcm tto oaltii?ated fislds aad sxposs t M 
54 Hovai^i f o j m ^ f^  ?f»r ;1^ #9^p^, f |^^» ( I ! 
5^ SrsMas. J^Jsataaa OaaattesiM. ?ol«lll» CA)» 
" I t p.342» 
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tmacrlyiag teafear jisg^ to surfiaeoy •epeoialXjr yib»T9 tbt 
soil is slialloir, such a «lfi<l «fosloaaI ImearA Is of elicit 
&a0Eiitiid« in the oontxEl 1^1 batSii* fh» tdliid dtpositloiial 
toeara In th» foxm of tsnd sheets of §0 to soo m Hhk^Memt 
sandy htssaooks of I to ^ BStre bei^ty lov lo&^tudinal 
and tvaaSTsrss zldgee ^ to 6 aetrs hei^t and ir—h sand 
dsposltlm alosig the dime slopes has affeeted a greater 
area* Is vestesn parts of JaisaSaer and BUxner seTsre 
wind erosion i s a eonaon feature* 
fhe vater ex^oeionai haeiard i s not altoge'^er 
ahsent in the desert* ^e rainfnll in the entire region 
i s oharaoterised «ith eudd^ and heany shoners of short 
duration* 2he mn^off is induced )^ the iooal reiief 
features thus resuXtiag into nater erosional hasards in the 
fojs of shsetf r i l l and golly in the diffmmt landfoxms 
of the oentz^ Xiuni hasin* the sheet erosion is predominsat 
in the flat abraded older allvrial plains? At oertain 
places f due to severe intensity of nater erosimi t!^ top 
soil has heen reacted and the mderlyiag ka i^gir pen has 
been exposed to the surliEMse* 
5^ MoasrmottSt "Oemorphologieal Sntnesti^tions 
of Ea|asthan 3>@8ert*» Xfonomai^ * Ho*7f 
CAiaa:, Jodhpurt 19T7, pTin 
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MIX and golly evosloQ i s aaialy eoneeitratdd ia 
the MJL2.e» piednont plains» roolqr pAdi&cnts and parts of 
thd bunded pedlmeate largeS^ beoaose of ^e higher 
istensltr of inin«-off an eteeper 0lop@@ @&d partly because 
of the aatwe of eediaeate* Za generalf the dep^nsof WB 
rllle VGX^ from OtS to 2 metres tand that of golllee fsraa 
S to to eietree* S!he rilli» ae pm their ma|^tade8« have 
lees than I metre vldth hut the igtiOlies are of I to fO 
isetres or even upto 20 aetre uidthf' ^eee ero8i<»ial 
haflsarde ore predGciinesit la the older aHonrial plai&e azouad 
Soaderat Bajpura* 8aakiiatl» Kesvaaa^  Sivana sad Eoraa* 
iSodOTate to severe etrem haak eroeioa ie preeeot along the 
ooursee of ti^e Oahia« Ookrlt Baadit Ja«ai aad Khari rivero* 
It ie esUmated that about 3t@$B e^, M area in the oeatral 
Zttmi baeia has beea a^eeted by the vater erosioaal haearde 
of differmt iateaeitiee, la t&e plateaa aad tiplaad areae 
of JodhpuTt Galore» fall aad aor^ Oaaioaagar sheet aad 
^oUy erosion i s widespread* 
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AmoBsnm Of mm mma m TBB SOXI* 
SECE^xcois OF mt Fumm&mt 
Xa the dfy flensing meB& of iresttm Bftjasttoit 
where aeute moietoxe seaarolty pytrmllBf tbo adtquate 
absoxptlai 9t mSok mt^r Into tto «oi3. ie a hiicio prerequisite 
to eaauro orop prodoetioQ* 3%s ial>8orptio& of raiaf&XIf 
howeveri depends upm mmm^vm tiaotorest 0^h Ge« 
(a) the natare of saiafSiai (h) XeveXliag and htnding of 
Xand (o) water aheorhliig eapaolty of the soi l 
(d) iffiproved etroeture of the eoiX (e) i&ereaeed 
infiXtratim rate of water {f) deef pXoo^iiag and 
(0) tmter harveetixig tec i^aiQiieB, 
Xn western Eal&sthsn the aaouat of rsdnfaXX ie Xow 
the overage being Xees than ^ 0 im^ i t s distribution i s 
extreaeXjr tnewen and the ooeofrmee of the rain i s not QiiXjr 
h i ^ ^ seascnaX in natare bat aXso eztrcaeljr uaoertaln 
and erratio in behavior. Kaias nomaXXy eosm by the end 
of Jtne in westezs Bajasthsn. IBatf erratio as the aonsoon 
is» i t ma^r be deXa^ ed ontil ivO^ or mm 4agast* She 
rainfioXX i s obaraoterised idth brief epeXXe of oXoodborst 
f 
punotoated with Xong dr^ r interwiaXs in rains* Howewert 
!^aiad# A*f noE&en Oeoovaphy of ^ e Xndian Desert (InpabXished Sh*l>* ShesiSt separtnent of 
0eograpb|^ i 4Xi^rh losXia loiwersitjrt 
1962), p#9t» 
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tlieire tm,r9 also 1^ »CD y«a»i whm jitO^ " «nd erm Augoit haf» 
g0&« rainltB* la »oa» ot th.« liB&i^ t areas of Bilfaaarf 
^aisalncr and Oeaeaaagaap in ths Aesart* Ttedar snsh soaroltsr 
ocndltlifis tlM ftailfim utlXlsatlcBi of iiattr oasstltntas a 
prolilflBi ithlth hsm nanjr aspsats to tako into ae^omt. 
Most of tha ralnfaXJL aomaa la himvy donapouxs la 
tha Bttsaar saasoa vhsa tha averags tfetparatoytt vaaga tern 
yS>^Q la tb« eoii^itast la «ralort Ad Pali to 40^ C la tha 
aorth aad iiist la Oaagaaagarf Mlaaar aad «ralsalaar« 
Ealatlira hmldit^ is pavaiatcitl^f hl0i doslag tha falaiaat 
aoatht tiiat la» Atigost, Bat i t i s lass aarlctd la tha vast 
aad aorthvastt aapaelall^ r ailcaaar and ^alaa2a«r« 
BaiafiBll halag la haavy ahovavty out paoira ISia 
vatar ahsorhlag ^paelty of l^a aolla« althoue^ la aany 
areaa to tha aaat alao tha taxtuiralaaa soils haia vldar 
pora«apaea to oausa ttiieh ahsovptloa, liMplta thlst thara 
i s good daal of nawoff aad a oensldarahla aaoimt ot 
ataadlag vatar la ths fiald* Sha sfapomtioii irm a fraa 
tmtar starfaoa i s thraa to four tSaas sora than It la from 
tha soiet sollsf As regards tha rtaui^ ff i t oausas aot CAIJT 
vasta^ of praeiotts aatar but also laduoaa soil aroaloa* 
Kolarkart A.u. sad Slagh» A«l«t "i^ olatiirs storage 
Capaeltias la Ralatioa ^ faxtaral Coapositioa 
o^i^ a. ?ol*£> 00*If 1971» p«29* 
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S2u» plants la Hmm ^ fnwilas ar«at mm Atpyi^ rtd 
of tli«lr BOistur* a&d &utrl«&t food. It is olrfloiui ^m.t 
Ya3Si0m t«olaiiqii»« of vmttr ntiliaRtloQt MpMimXly tht 
siAZiiatn «b«oxpti«it of tBixamUvp ! • of fdr«io«t Inporttftoo 
for aeHeultoraX pttsniuits* 
fho abeoxptttfi of «atov iairoIvM ltir«Ul&g and 
Inaidiiigf impwvmmt of tlio iaflltimtton ohaniot«ilsUe» 
of tho foiXt dovoloping tHe soil, ttruetiirt and vator 
barwatiag proeadorof • A« vator ia tba moat Umitliii Daotor 
for erop prodaotl<mt eapaoiaXS^ r in voatois, fiajaatiiaii» tba 
f^ mdaaotital laaua of dry faxaing ia t ^ »oat affaotlira 
atora^ of raiafaXX ia ^b» aoil* Sha aoil aoiatura id.'tiiiB 
aaay raaoh of tiba plaat roota ia tha naia aouraa* Crop 
groaiaet to a grtatar axteat dapaada upoa tha natiiod oad 
affaotiiraaaaa of tha rataatim of 
Sha ffiszinia aaouat of uatar idaieb eaa ba abaorbad 
d9pmd9 OB tha eoaditioa of tha aoil at tha ttna of raiafaU, 
la tha vall#*pXoaghad laad vith a looaa apoagy aoil at tha 
topt ^« raia»i«tar ia raadiljr abaorbad aad thaa noat of 
i t aeeapaa tha avaporatiTO affaat of atmahiaa aad tdad* 
la a thorou^ily ploti^d aoil thara ia about 12 to 1@ par oaat 
irijhavaat s,]),^ "CoaaarratLoo of Soil Hoiatara 
Ho* St 1944» ptSS* 
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mors absorptioa of raia-vattr Ixi a 2 »«tr« ooltna of 
soil* d«pia6iii$ ofi i ts ttxtiir«» fliis coold bo pooslblo 
vith tho holp of modom Ullage drfloeo* fhio im a 
ooiiid.d«ml»l« dlvidiKta lE0Oplii0 lii idov 1 ^ faot that taiaf^U 
absorption uador traditioaai tillago is lov* Oa tho lands 
oultivatod vlth tradlticnal plou£^ thoro was only 2 to 4 
per oottt mors al^ iorptioa in a 2 motro ooltaan of soil; 
a loagor tins on tli« soil surface and tbiis sost of i t i s 
lost bsr evaporatioa &id ftSEwoff.1 Brm i& ths arid aroas 
of vostsm fiaJasthsQ thsre ars a fov hsa^ ir rains iMoli 
art in sxesos of ths absofbSng <»ipaoi^ of ths soil* It 
hm bom observsd that 20 to 50 psr coat of rainfall 
reeeived» i s lost as ns&»>off on:iyf 
EDn«eff lossss depind ttpon ths slops* soil tsxtnrs 
and ratnftill intsasitgr* Oensraliy on ths fins tsxtursd 
soils evsn on gradual slopss ths rim«off i s Is^ rgs* It is 
estisatod that m rain spells of ovsr tOO am as auoh as 
4 ihld*f p«S@« 
$ fejusait E*&* and OnptSt S»&«« "inorsasiag 
Ealn^mitsr Bffioisnoy in 4rid and 
Stt&i«»afid Arsas for jl^rioultixral 
P3^tioticn% ^TOpgrtffl,9i SgltJft^ 
Kilty I^ Mfrfffffffl^ f X.O*A.R>» f969f 
P*70« 
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70 to 40 p«r cent of gaiiiDill 1» 3JLal»le to rm«off• Oa 
th« nediuB textorod •oi ls in Osilan tohsiX of lodhpar $sm 
to ooosideyable slopos roo^ff <m the faia «ptXX of oir«r 
100 »& v&s 20 to 30 9«r emt« (3ii tho Ui^t toztoiea soUfi 
of liuoaoeliy burled pediiBiate of BlXora tehall in o^dhpror 
about 40 per eeat of the meea anaual raSafall goes oft 
aa rua«off? 
Eiia*off aad deep peroo:Latioa loeaee geaeraHy 
hold a aec^tlve eonrelation* ?ov ezaopla ia Sher^ai^ 
tehell of Jodhpur the rua«*off In fersr floall hat the deep 
percolation loaeee are high* In Fhalodl tehall aloBg the 
border of ^alsalaer Miere are liLght textured aolla to 
asooolatlcRi vlth dmes» Sho laieiltratloa rate ia high. 
Oa the vet epeUe of 90*100 am aad tfww 100 ma oaljr 2<»$ 
per oeat aad 5*10 per eent of rala ms^ go aa ruti«off« Oa 
the flat aggraded plala vlth haird pea aolle laflltratloa 
rates are high* aoveirer» oa the shallov oonpaot soi ls on 
the uadttlatiag topography slov absozbiag rates iaduoe high 
rua«*off* About 25*40 per oeat of the rua-off Is ladueed* 
6 Aaonsraous 
7 lbld»t pp*21«4S» 
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(^ the aXlcaXi soils of aggraded pXains %h» 
psx^latioa sate la lovtr and ru&«off ia h i ^ r . On 
eali&s dtpraealoos ^ e raa«off la irezy leaa ^ t dot to 
flae textured surface percoiatim rates are B3MO lovt 
thereforey eraporatim loss are high <m eali&e depressioas* 
fhe soils of stahilised dunes hare rapid pexmeahility* 
33ie wn^off and deep percolation potaatials are shorn in 
figs*t6 and !?• 
Bxtensiire field zt^ seardh in dr^ r f^ uraiag areas has 
sho«i that eoatour htrndine and field tnmdSng VQT^ effeotively' 
omserve rain«»^ater. Such a sustained proeesst in due 
course of tSaSy majr help tb0 nater status to ioproTS 
aarginaUjT* 
For a halanced ^rovth of crop i t i s essential 
that rain-vater is mifozmiy distrihuted over the field* 
Z«and in vestera Bajasthan has varjring degree of tadulations 
vhich i s a major problem in the levelling and preparation 
of fields* Shessi however» can be aanaged more effectively 
end viU show better results i f they are subjected to 
levelling and bunding* 
Shis i s the firet step in all the processes of 
maximi»» efficient and unifom absorption of rain^vater* 
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WESTERN RAJASTHAN 
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Coatouv otiltliraHQiii pTOvlsioa of xldg«i end lUxrov 
aoi^es %2i tXdiMit gyowlag of ovope sevow ^m ttX9p; 6mp 
OfsQMwsMm one* $M two or u^?«tt ytmrtt end ttzimftiiii ar« 
des0 of th& offeetiini and oeonQBlOftl ac^ioas of pr&wi^kxm 
%9%t9w op^ftmi^ for infiitratloa of nmtor in tht fioii? 
fho iNnofloial effoets of oonetraotlfisi of lnmd» oai XoiroaHzig 
of Im^ liate l>e«a oxtinsiveZjr dcnoiuitmtod ia tho axid d&d 
8«iil«azid ai?o&0« A& aero of X«id nay bo dividod iato flYo 
parti ^ ffioana of moXl Inmda of f$ to 20 m of luii#it« 
footeiloalljr ^i» btmds abo^d approiiaate}y wm along ^ e 
oontoiar of ^o field* If tlia fiold la &ot dl'vldad Into 
amali oompartnoiita i^ vatar ruaa Into dapraaal^a and 
tlia field votad &ot get aoffieleat ffloiattare to support a 
imifozffi Ofop frotrlii* Bmildeaf Ite rmm$Ms imter alao ^kea 
avB^ vltli i t eoaaideisble a&oimt of ailt and ole^ and 
depoaita i t Ija ^le depreaaima aad time iaipoTerlaliea a aajor 
portloa of the field of Ita eeaintlal amtriaal^f In 
Bilcaiier a&d JaiaaSaer where the aoila are aaady « i ^ nlder 
pore*apaoet i t haa heea esMaated that nearly 50 per oeat 
of the ralxitvater la loat* Ahomt 20 per offi&t hy deep 
a Sejvanlt E»0* and Ottpta^  i«E«» op« oit«f p»50i 
9 ihid»« p*60* 
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pereoIfttiGiit snot Iter 20 per emt t^ vmMitt ani § to 10 
to 
imsplm f^ raifi ares to ares depaadliig tspon tlie 0(^1 o!iaraetofisties« 
Ao a propamtOTf moaeunif '^o fioid9« ^foro ^i» 
o&«ot ot mmor ra !^iii» alio^d l>o ««3JL Xoirallad ^ cuatart 
uaifoxm atj^ pljr of moiatuy* ana fodnetsmi in loaaaa* Q& 
ralal^valy ataaper aiopea* tha fllaiaa alu>ii3.<l ba tanraeei 
l^A diftaad into taalX eospartamta alo»§ 19ia acmtotir ^ 
maMag Inmda of f§ to 20 aa M^,, Expaxiaaata hava elaarl^ r 
alioufi that W p^P^r ^tmiiag i t la poaailiXa to iaexaaaa 
tba n^U of balra <?fftjlifftffi %l^ ffj^ afg) &&« lomr Cgfi|£l» 
yg l^iaayaK' flie irlaM la qulatalii p«r aera of ^oth tlia 
oropa la ^rm tealov* 
Ooapamtiira fialda ^ Ite^liiig aaA l<»<»1»aa4iiMi 
crop Non-bimdis^ Biaaiag 
•MNwaiiiHiiMaiMMiMiMaraiHMiatw^ 
Bajra Itt US 
Jonar 4#f 5*4 
to lMd»t p«§t« 
tt i%ia»» p»08. 
143 
0t tho soiX at tbe Mm« of raiafiiai.t !»••! tiw iKnogtoti^ 
of thd fieldi furrow and »QiX i^ pe* 
CGoetTtaeMai of omtour bands &loa« i s not «ioi3#i« 
2t slidisXd iMi ao^mpaaiod hf pfttotieee iMdi enable tlie 
imlnfiBJLX to enter into the soil* lost of 1^ eoarse end 
aedii»«textnred eoile do not liniri» the prohX^ of inflltmtionP 
SoiXe 1 ^ ^ have potoat^LaliUee to store water and 
those whi<^  do not show saoh poeiilMlities sen he identified 
and a suitable msnagenent strateiu sen be evolwed for ^loh 
olase of eon* Soils iMoh have deep B^horison with a 
h i # olar eontent are endoved vi^ tdn a ^^ater eaj^i^ty to 
store soil aoistaret as eompared to shallower soils!-' 
Iievelliag and bisiding pat impediiiienti in the wmi" of nin«*off 
and penit rain-water to r«aain stationary and -^ siis «ftooiirage 
better infiltration. Oonsermtiim of ewen 2*5 to S«0 m 
of water in the dfjr areas has teiey speetaealar effee^ on 
the :rielde of orops. 
ia ibid»9 p«§o. 
| i | | . A i ™ i f i#0«&*H.if Ctew Delhi, 
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eofiAtt«tea in Jaiea2&er» o^dbpiir* Sikar and faXi i&die&teA 
Ml liio««st9 la the soil moletttre* t& o^dlipwr as^a soiX 
moistiirt iiies«a8« use dQEipaimtl.Ti»ly Itigher tm th» treated 
plot0 and i t mas foSloved 1^ a^ slEialntv and Pali* lEliie HBS 
d^ to eltaUow d«^^ of soiS. i& these sveae* Bat la Sikar 
w^ esre tlie dai^ ^ of the eaad;^  aoil vat moret 1&# iaflXtimtim 
rate tias comparative}^ M#ier «itli emeeipeat deereaee 
in tbe moie^re at the upper la^iire of the eolX at ? to 25 ea!^ 
A etadi' «ae tAkm t^ m the effeot of ooatour rldglag in 
the eaadr^ Xoaai eoiXe of Jaltaraa (BaM)* 4 reetaagoXar 
field of 90 metre z $$ metre ma seleoted m m a?era$e 
oXope of $»$ per e^tf keepSag in flev the aato^X 
topogra^caX featorea mder desert eoaditi^e sad TOZ? 
Xow raiaj^X areas ^th irerr ^^ viad TeXoeitiee}^ me 
^eXds diidded ia Z e(3»aX pXots A ead B 33 metre x 49 metre* 
S3ie experia«ataX fieXds at (M§ m depth shoved 6«3 per omt 
moistaie ia ooatour ridi;iag aad 6«60 per o«it moie^sro ia 
14 Wsei^ Xeht et aX»» »Effeet of Oontoiaf Furrovs 
aad Coatoar Bmds m later Ooaeervatioa 
ia @raesXaade of weet^ mi Eajae^ iaa**» 
\f^ *^im ^^^' foX.n, Sos«3 «ad 4, 
15 Bam» a«9« aad nohaa* E«0»f *^ote oa l^e Iffeet 
of Beep Hoa^dag aad Coatour Sidglae oa 
Hoistare Ooaeermtioa ia Arid fraete"i 
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fturxovixif* Effeot of l»wiSlJig « mc^ efuze eoxm^vmittm. 
and orop |rl@Id m» etaAi@d &t :BaXl Ueimsceeh Bai» for »9Tezml 
r@ave« S^ ffieaa aimiisa. miafsXl at this st&tiea of vest^m 
Esjaet!ia& is 41! aaa of iMdh 93 fier omt i« rtdciveA 
dmiing Jfikly to Sept«iil}«r* fli@ soil Is san^ loam mpto 
15 eei aep^ ^Xoir i^oh i t i s ioesa upto apto 3@ » • fltore 
ie a eoet^ot lime ooaerstiGii | ^ ^«ii^^ 61 om*' Bmds 
iroirs eoBstimeted of tlie siee of t^ ottoo viAth ^ cm top vitli 
30 m eido elopee liO and hoi^t 73 QS« 
A0 fi^dbaet tlii mtnmdsd plots tiis jrisld of lovar 
and bajra in ths tnaaded plots trtz's lii#or W ^ ^^ 17 
por emt x^speotiToljr;^  Bimdiiia tluis se«Bis to bs aa ett^o^re 
mmmvof^ for eoietare absos^tlm m& tsmp pfod^tion in ^ s 
dx!3r lamiiftg ai^ eas* $bs olr^otis itasoa to ^ fo7 oaEitotii«> 
bmdiiis ie tliat i t iiitesrespts tl^ ic l3.ov of xim«>off» tlioirsbjr 
oausiiii pe-roolatioii of vator to tbs root aoas of ths erops. 
In I'st iK o^tlisr <ittpofisisEit oon i^otod in ^ili distxioty v^rs 
moietaxs dsfioi€»oy is not a rew aomts probleet oontoor 
16 il>id,p p. 208. 
17 Singly Bt% St al»| "Inersasinf Bain^satsr 
Bffioianoar in Bttnding In Diy Arsas"* 
ie iMdvt p*290ft 
19 ibid», p»290» 
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faz«oir0» coatour buads a&a oomtovir troaohtt hsf hmetid&X 
•ffttet oa ooiiB«rvatl<8i of vater. Contour furrove bato 
ebdm Ml&tiTolor botter rtsulta twoauso of unlfossi 
dletributioa of witor: 20 
mBi<B ni 
P A L I 1966 
Ealafall 447 
t96T 
Eai&fi^l 769 
froatamt % laoraaaa in 
•oil moiatura 
^ iaoxaaaa la 
eoil aolatora 
Contour Furrov 
Ooatour Bona 
Contour Sreaoh 
124 
44 
15 
72 
19 
40 
The txparlmoitB on tlie oon^iaed affect of furroir 
aad )made on iiatar abaorptioa la ^alaalfflory Jodhpiar« Fall 
aad Bittar hava baaa oada in Yiav of thair yaxTing phyaloal 
enidronmaat* She aeaaonal and aanuaX rainfall of theae 
plaoea for 1$66 and 1967 haire beaa atudied* As 19^ 7 vaa the 
yaar of good rainfall over "vaet areaa of vaatem fiajaethant 
20 Waaiullah and Hathar» 0*P«» "Vatar Conaenratlon 
in £ange»Landa of westexn Ba^thaa"* 
re^ 969» p, 
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both the seasonal monsoon ralafiall sn4 aimtial fBi&iialX 
i s v«Xl ahoire a^e mozmal aredjafiBll ot those ajroae vith. 
^alsaSmer the ml^ exeepti(m« 
Oeaecsial sad limiiaS. Bai&faXl of Seleo'^dt Ar@Q» 
liOoatliXEi 
966 1 
tM 
kaia^aii 
IBBI June - Sept« EainfalX 
i^  BalajbePiX 
^me • Sept, &1& 
^aisaSaer 
Joahpar 
Slkay 
P^i 
162.0 
24f,8 
30^.0 
215.0 
11f0»4 
271.2 
^ 2 . 0 
447.2 
107.6 
334.4 
w§O^Q 
673.9 
204.3 
394.4 
748.6 
7^.0 
^ e effeot of the oontovii' fOfrotr end cmtom* huad 
G& the soi l soisture status^' of the above plaets at three 
depths of 0«3 cm» &-13 oa and t3«»23 m duxlag ^le ffloaths 
Of iimQ^ <ra2|^ t October sod Jantsarr i^ o®^ ifi the ^ble ix. 
2! yasluUaht et a l . t *Eff@ot of Contour Furrow 
and Oontour Bisids on Water ConserTation 
ia Oraielende of western Bajasthaa^t 
Am|gls of Arid ^ e > yol«IIy foe.3 aad 4ff 
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Ijnorene* iM aoll aoistiire ^as eosuiiettttljr hl^mr la a l l 
the ti^ als&adtfi la tho tlisve deptlus* 1Ehi0 wm tQllmmA ^ 
Pali aad Jodhpui?* S?ii« ot»a@rvedi JLaertase of so i l moi«tiu?e 
was Xoi^et la Btlmse wanA ia atme <sas«8 i t vas a^gatiira also* 
etadi«8 m. aoieturo abeorp'^ai ia vvstam Ea^otliaa, 
oa a shalldw loam soi l foeeiirlag 400 as raiafalX aaauaSJl^  
ahonea that ^uadlag iaoyaaseS saJJL moiatiira ooateat by 
50*100 par Qtat?^ Tkere ia mipX@ ai^dfaoa tbat levaUiag 
aad btmdia® a»i aot oalir atfeo^ira Imt iaavltaltla praetieaa 
ta easure aaadUsum alsaorptiaa of 3?aia«»«ater ia ^ £uemia^ * 
iPi? ?^fffmg 
Oaa of tha matlioda of ia.o»ia8iaf tlia iaiiltratioa 
smtaa ia tlia aoiX ia smp piois^lagf iMoh lialpa ia 
improfiag tiia atroetiufa of tha soil , fha atmiotara of tha 
aoiXf howev«if» ia ao^fiaS throui^ ah^afiagt ooapveaalag 
aad iairartiag tha fozrotr aliea* For omtofiaet aoat of tha 
aoila have he«i ooltivatad hy pxioitiTa woodaa plouglh* fha 
ehalloir ^ughiag haa prohahl^ r heaa tha maia oausa of 
oempaotioQ of tha aiih*Boii» aaltlag i t 3.«ie por^oua to 
itdb&*iiatar» 
22 Hiarat S,E« aad liahrat U.S.* *r!oi@tara 
Coaaorfatijtt*, gg^fffitmo ?|yg,, fiep,, 
!,» 1972f tfOahpttTi Zac 
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improved 1^ Increasing tlid ^otmlis of iiatoi* stored i& the 
root soae. Siie rate of iafiltratioii of imter into tbe 0OI2. 
depends m^ (a) soil etrueture (b) soil ooirer (o) degree 
of drpieis of Hie soilt end (d) 1^ lat^oity m& dtsratim 
of raiafali* AIX the t&etQVB thcit impmm sad main tain 
soi l struioturep also ispxoTe iafl.ltrationf^ J& vestexn 
Eajas^ san iSm rainfall» althou^ eoan^t ooiies in heat^ 
dompour# SSie falling raindrops strike tM hare soilt soil 
partioles are dispersed hsr th» foree of raindrops and stirfiaee 
sealing na^ r oeeort vhidh In turn reduces infiltratioa* ^e 
soil struGtisre i s dietorhed as tlie surfaoe aggregates are 
destrojrod n&der the inpaet of walier drops* &s a result of 
thiSf the po3res of the soil siarfs«e heocme oloi^d vith 
partieles* 8oreoi7er» ^lis dispersal at the surfaee oftoi 
foisis a hard ozust* when i t i s drift ^ ^ adverseSir affeet 
the growth of seedlings end t ^ lOant* Seep plou^ilng 
renders the soil lasers loose end opent and aore reeeptiYO 
to raln«water« l^ep plotighing before the rains enhances 
the ahsorption eapaoitjr of the soil* 
•iknMM 
23 0npta» tr.3, (ed»)i fhyplelogi 
H ihid«y p«244» 
yrylaad Faaaing, Cleu Delhi. I982)V 
ptIOO. 
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Qmm of the deep 80iXe» }ioirever» iaepito of 
holSiag ike oapaeitsr to store eoll aoifitiire> Mv« oompaet 
soil hofleesis irMdi r«nd«r tlieia jjioapat»Xe to @MB0V\i th@ 
water fiilJt^ s Such eoU® oaa bo JlBipi«ir@a by opo&ing mp the 
iteporviow siil>8oll S^ors thro\t i^ dleop tillage and iiio]?ea«liig 
tho porocOaticm and rotintlai of vmtmtt 
ThQ iaplMeiite roQiilrodi. for iMpv&fisis tlio soil 
dtruetox^t 'C'sue^  ^ oi> Maiytf and pM seescas ia tiie df^  
<a} Doriiig tiso | b ^ f seaiGii de(»p tillago vith soil 
intortiiig plott^ sad s!:^ 8olJ.o]?c is beaefloial tow 
stoxiag 1^9 aaxJUBUs nfflomt of raiaiall* 
(b) Xa tile y^ b^  B&mmp hmmevt eurf&ee tiXla^ e^ttiismtQ 
i^ Mob peaetrate beaeatb tbe soil mutism ^thout 
tuzaiag ^6 tilled Is^er BTB eesttitial. 
Deep tillage befof« or iuriaf kharif le favoared 
to iaorease tbe iafiltraticm aad vater boldiag oapaei^ of 
tbe eoilt partioolarl^ ia eoils ndtli bard pea beUov tbe 
eurfaeef^ @abeoilers aad clideel ploughs ere aeed to br^k 
2§ Moopioue 
pa 
26 ibid*, p.3B« 
Paimiag. I#C.A*B* (Hew Eeihl. f970 
P«iCfi« 
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BQXX ijB^dTB mk& otimt baxTi«»i to t ^ BOTtiimt 9f «&t«r 
sad «iti^ a9lii!i of ipootv* Xn faet» Hhd moot •fftetiTO iwoults 
witli sm^oil^fo avo obtained i^«i tlio ooi:L i s dz t^ ixi osfdeif 
to BtElse ^o o^ttertai; ao^ OQ oftootlire* S3io 8i^ teiollor« 
thoro^rot 10 offoetlTO boforo the flmt tto^Bom 7alae# 
boeause aftor tlie iraliuit flon^iii^ idtli eul>oollor iflll not 
bo offootl'fo to p^Xfevim tlio aoilat oolX as tim soil wi^l 
boo^e Uttlo otlolqr and vllX aot ado^mtolj ftoptaid to 
bxealdtog and ebattoiiiit* SmboolXoxe oaa bo oporatod at 
dop i^o 60 OS or S070 i ^ i o d^se^ L plots^o can bo of omted 
at doofor doftbe t^ en tbe aozmal plotigblag o^o*' 
SubBiirfaoe Mllago li&pifaiettte mse m9$^ to t i l l 
b^ Eioatb tbi etirfaeo «ltl»»iit trntn^ ag tbo tlllod Xosrer. ^o 
tlU.age aotion IHTOIVOO tbo oporakUo&o pazmllol trltb tbo 
Imd omi^ee to oat vood i^ »ot8 and looo^ tbo ooll* Zt 
dooa oaouyt at t ^ oa&o Mao tbat &o major otirfaoo 
dlotorbanoe taleoo plaoo* boldest being e^ootlvo In Idllliig 
tlMi voodettble oporatiim bolpi to form a o^illov aolX atileli?^ 
In order to moroaao tbo dopl^ i of 80ll«moietiire 
eoae tbo best approaob voold be to InoroMO orpaio matter 
mmmmmmmmmmmimmmmmmmmmmmmmimmmmmmmmmmmmmmiim 
27 lbld«t p*39« 
26 Ibldtt P»3% 
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plou#iag phm ineorpoimtion &f olioppoA TO9%»§ mtaib^lm and 
i&oresM 1^ 0 orgsaio laatttr ana liaet«rial popmlatioii iibioh 
in tom pioduot the nwe»&x$ bie^^ f^ mftttriala to 1}tilia 
tim tmiAimm^Ji soil pftrtiel«8 lato imtciMitiili3.« agg7«gat«8* 
III the eaa^ loaa •oils of iNist«xii B&ja9tlia& tho •tored 
irat«r pftrtljr peroo3Att« dom to tilM •iibsoil ifogiiiii* 
yihm tlie soil is opinod lust beioire tlw amsoosi 
vith a eabeeiXov that o&a pXotxgh 6.0m to *B em iopth» tho 
maxliaw mixi^mktm e ^ ho ahso:rheia« I^ op ploo^ing oho^ ild 
ho iffimediatf}^ foSlonoa l^ ^ tho oii3.tiinitioa of deop rootod 
ox*op8« Slioso ffsetieooi oouplod «ith %im doop ^L&e«t«it 
of forUUtort onahlo the ipooto lo fioveSiop profosol^ la the 
eub.oU >-.8tcm?° In tht. mamtr. «!>• soU Bt»»ta» l . 
gyadoaXa^  Ispjrovtd* toot g^vthf liaii:th of root per mit 
aroa of eoilf and total surfiaoe area of the roota vera fou&d 
to he hl^eat tmder deep plou^iiag, 
Stodiefi have hoea. made o& the vater 9'^rage in the 
eoiia of vestem Balaa i^an* ^e lover rate of vater stomge 
29 ihidtt p«4a* 
30 ihid«» p#42« 
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i s attribttt«A %o the soiX l»eliig mostXy GO&I«« to mcdim 
t«xtuifea ioid ^^ Ktrly lov ^ armxilo matter omtmt?^ Sli« 
v&ttT helping e&mei^ of thes* iioiXe i t sitta 1»«io« la 
the iable K* 
Soil (E^ pee aaS Vater Boiaiog Oa^ M»it]r 
Sosti»al ctlasA ot 
•o i i 
Samd 
I«oa»3r Band 
Saady ioas 
£ o ^ 
Oley lo@m 
watar l ioldiaf 
oapaeit^r 
22*24 ^ 
24*28 ^ 
28-52 ^ 
52-38 ^ 
50 ^ 
Anoth^ atu^ raveala tiitat as ^le pareaata^ ot 
oapillarsr porosis lnoraaaoi Ammm»A in ^i« aoiX profila 
5$ Eolaifkart ^t^* a&d Simi^i A«9*» *%oiatara 
Stotaga Capaoitiea ia Eaiati(»i to faxtoraX 
Coapoaition of faataxn Bajaatliaa DoiXa^ f 
AiinaXa of AUd Iteae. ToXat IO»t» 1971 # f*^* 
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Of 0»30» 30»€at €(K90 aad tO«t20 <m the Q06ffiei«&t of 
peimeaMMtar of tho soil profiled» in gtnoimly doeifo^s 
dovavard la vettom Eajag i^aa (Appoiidlx X)?^ Hie pof« 
eiK« di8txil>iiUo&t p«3»ieal>ili%t total pore epsee and 
ite< i^aaloea oonpoeitioa of tlie eoil ImTO m laportaiit l»iarlag 
OB t!ie solfitore atisorptlett aad nstmtioii in %h$ arldlaiid 
I& ^ e extresaelir erid dJletriets of veetem Bajae^iaiit 
nmi^l^t a^isa3j&er» Besiaerf Mkenort Gsagaaagar loid parto of 
o^dlipor n^re raiafi^ i s vorr low end arldltgr i&dioee 
are Ibd^ aer, ffloletore in tiie soil, is inadeqimte for ofop 
grovtti* ^ reduce tlie runoff aad i&orease the retexiti<»i 
rates beeoae diffiouXt la eoete of tHe areas« as tlie aaouat 
of QOisture tliat oaa aoxsaXiy l>e stored ia the soil does 
aot» h^ eaar aeaaurSt suffix for orop produotioris Heaosi 
efforts ehotUd he sade to iaorease the roaoff aad redaoe 
iaflitratioa* Shis aeaae mter iiuppXr f^ i^ os oae area to the 
other Kpea* 
32 Sla^t ^*B, aad Ooverdhaa @ia^« '^ Studies oa 
the Perfieahiiitsr of oo»e Ssrpieai Ooil 
Profiies of Bajastheia Sa Eelati«a to 
their Pore Siee Mstrihutioa aad 
l^ eeh^ ULoal Co[apositioa"» a^aaale oi^  Arid 
asaf* ?ol*lf IeB»2 sad 5t t971f p«f07. 
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In mmt ixf pvstta of veottm Bs^oe^imt nAisve 
emxt9mpor@3ef i^^oipltatlogi alosie ie not sofflclfieit to esi8ttr« 
a empp imspymeteA m^tev piias fali:i->if&t@r s i l l tufiied the 
crop ae«ili« the iaportiatt thing i s to eatal^lisb a t&tiQ 
l»9t«iiii tlii dmar are^ aad xtolpimt atom* 41tboi«gh vster 
Mwe&UMg i« azi art &«a73^  2000 yeaxs o34t tit* modem 
toiteoioisr le atttaptiag to aov«lop sor« tff6otl<v« m«^od8 
60 that tho mtio b«tira«Dt tho d^ ko? and rtoipii&t mxem ie 
ooasidoimbljr TOdueed, 
Sheiro are two malji tirpoii of ^»tar hasirootlng, iris* # 
(a) Iiooai «at«r hasriroatiiig or eateh»«iit irator harttstjiAgt 
^ioh lAVoivoet ooaToyiag tlw iiatios' fir i^ haxrm hiXlsides 
to ^» adjao«it i<tlatif«ljr level land* 
(h) Miofo vater harvesting or fl,el4 vater hanreetiag 
i^oh ie more effeetlvei and oreatet fflioronaterehedo within 
a move or Xeee leireXied fleM* 3^te fir«t %pe» honevert 
does not ae» to hold i ts viahiXi% in the arid western 
Bajasthan. 
Besidest there i s another m^ of vat^ harvesting* 
whieh i s not feaelhle la urestern Ba^asthaa, in i&lcli raln-iiater 
i s eonserved frtm m^ seas^ to the o^ier and the «itirt 
area i s emppe& in m@ fmix out of tiio« 
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$&# mmB^mmt of wat®7 barveetiag at i t i •Ijiip2.« 
fftso parl^ of a fifl3^ int© stilpi ia vlaieli ovojpa avt 
^laatta* file exop i s scma la aairrov etil|>» ^atvtiRi vide 
^ta7va3j> ^hoM af^  vldgtA aa axislflolaX ataia'laipa vati^ Ei^ ds* 
the rmolff aiopas are oompaatad iiad !iaxdeaed la i«daoa 
tafiltfaliiiai ead iadai^ miaatf ta ofop rove, Slia falatlTt 
«iatli0 Qt rmett atrip* aaS tiia oroppiag balta vax7 vi'^ b 
tha ffi&atmt of ana\ial piaaipitatim tiiat caa ba azpeetad* 
fha uaaa3. xatias aire fron 2s 1 apib 4i! dap«idiag ^^m tlie 
raiafaU de£iala&ay#^ €«aeral3jr» tva aaia appsaaaliee are 
ia irogua la ps^pariag the twnott atsrii^t 
( i) elepa oovared a l ^ plaatie filaiat rubber oraetaX 
aheetUigi 
( i l ) aaterpToafiag aad atxpfaee atabillsiag br epfasrlag 
adbeaivesa 
Xafaoty the mala diaad'vaatagea of plaatie aoveiiia^ 
are tbe Mg^ oost and i ts sasaeptibiXil^ to daaafe br Mgb 
55 0apta 
Pyyland Paasiag (new DeiMi !982> p.i20. 
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vixi&B* fb» povtrty stxiiwi i^x&@v» la woattm BajastSiaa 
can JbeoE'dly afford the plaatie or metal sli9«tliig« lisiaftdiatdS t^ 
Qost pTOHeiag ap^oaolitSf hov^w^tf appesr to IKI irat«r«-
proofSag and etaMUeliig tlia elopa au f^aoai* 
tlitx« are tiio ma^oSd of tl9lA nater tiarftetiag, 
(i) Intej^ i-plot vater liarTesting 
iiX) iM%eiMt&w nater laanraatiaf, 
Bx$erlm«ata bmm hem. coadiiot@& imaar liiter«-p2.ot 
water Msffettiag e^ st®3« Mffer^t ratios of eatolsaeat 
to oropji^ d^ ar@ay irta^ylsf ^th allope m erne ai^et 111 
elope mi botli sides loid tt2 sS^pe oa tme elde (mS^  vere 
1 ^ (^teteeat u^ eroppefi ayea ratio lit 
nitli elope on both aiaea le i to effloleat me of moleture 
and to hl$^ yields* la the eatolmoiit elope oa one eidet 
honevert the harveeted vater ie fomd to he aearer the elope 
aad nater redtte@e tovarde the fajc ead of "^m levelled hedf 
irhieh la the field «1^ hoth eldee oatoheeaty vater harveetlag 
la aore loalfofia* 
54 MeaifBioaBt "^proved im imA Agilotiltmre 
for yeetew Eajaethaa«t f^ghR|,ft^  Mlrf^ l^llt 
1.0.4.a., ilo»f» 1975t P*Ml 
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i^tor barvestliig Bppe9ap» to be aort piraetieftlt f»ft8i1)a.e and 
aee«F^ a^ <^* ^ 2^ie fazia«rt for l itt le land is m^ri0.e^d tow 
Fig.19.^5 
water lmxipeiU»g / ^ eoapaistiTe et^ id^  of aointtare offetts 
{m fs»«p floia ia lAtei^soif and imteiw^lot vater tittarvesting 
reveaXeft tlist l^ tiere ve>« iroi^ r ftv laetaaeee of aeoaaulatiQSi 
of exoess vator in the i&t«r«>rov Muresti&g iMoIi were eeea 
tmq^mtJ^ in ease of iiit«r«>pXot liarveatiiig fig.20}^ 
Brm after these pmetiteef i f raiafyji i s aot 
enm^ to a^t the erop nteit @^  s»& altesaatiTe» laad i s 
^ept fallow to iaerease soil W^^&T storage* Bat fiallov 
effioie&Q^ is Quite low m^ xaages he^em t9*$0 per emt* 
If the rains dttrliig ^hayl^  are viifjr low and uaeer^^t ^^ 
teh^flf erop say not he raised and ^le soisture ma^  he 
OGHserved for i^hi £hii» limited soil aoistiare* 
will he ffiu^ lover in the mhi season in ooeparison to 
yk&rlt idien susimer hi#i teapes t^tstres oanse ©xoessiTe 
trinspimtion* 
wimtMMKMaliM 
35 ihia»« p,24« 
36 laaaT, U*C»p "Inter-row Water Earresting 
Beaefieial to liaise". Indian f&mi:^. 
37 triharp &.0» and Oajrit f*R«» "¥ater Barvestingt 
4 Hanag«sent Fxmetioe in Px;r ^^d liaising"* 
liflffiii„l^iffi,jte» ?oi*Hit l o . a , 1970, p*27* 
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It i» evidMit that tfae ttelmoXoajr of imt«r 
Imrrestii&g offers greftt poooibilJlties of aovol^ plAg ii«v 
vator sttppUo* ia di7 tamiAs* Ifovtvovt i ts praetloabiUty 
In thi$ flold i s ftt pMBoat Usltdd and oonfliioA to tha 
thinly popuiatad areas of vastaxik Ba^ Euithaii vhare istm 
famars hy virttta of hairing largo land holdings ean afford 
to saerifiea a part of tha laid to ansora a suaeassfiil 
oroppiag» In vastam Ba|aethan mu^ of tha araa i s undar 
tha large land holdings of 20*50 haetaras vhioh i s higher 
than both tha state and national lavels« Vithin this region 
there are three cones of large holdings» iris«f veste»i 
l^ankt central eone and the eastaxn flank, 
(i) On the western flank in Bamert Bilcaner and 
Jaiaalser districts the percentage e^tivated area under large 
holdings i s ahove 60 per cmt, 3!he only exception in thia 
sone ie Oanganagar vhere the percentage of large land 
holdings is 21#9 per oent?^ fhis i s heeaose of widespread 
irrigation facilities and the resoltaat h i ^ population 
as 
density* Sihis sons has hi£^ potential as selV&ooA of vater 
harvesting* 
?8 District Statistical Otttlinei OanganagaTf 
directorate of Bconomios md Statistics» 
JaipoTf fiajasthan^ 1982* p«74« 
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(II) In %h» etatxal wm9 ot Cl»im» Jodhpoy and Sagaur 
th» pareoataga evULtlTateA ai«a uiiAar larga Imft lioldlliiga la 
20-30 par oiiit* fhla aena aSjio raoalTaa a aodarata aaoiat 
of xfdaf^ itU* fha vatar harraatiJig potantlaX Sa tlila nma 
le modamtaSy high* 
(III) Along tha aaatam flmk of i^aijl»iBu» OlkaVt ?ft3Ul 
and ^alora vhaya aaount of ml&fnXl la bli^at la oonparlaoa 
to othas" dlatflota tba agrloultusral deaaltlea are alao t&a 
lilghaat* Aa a reaolt of It tha pareaataga oultlTatad araa 
«tdar larga 2ioldliiga la batvaen 7*!5 p«r eaat* SMe aona 
offara alalnta& iratar liarraatlag pottotlal* 
Of tha two pTttotloaa of vatar barvaetlagt naaalyt 
l&tar»rov and lAtafh»pXot» tha lAtaiwplot vatar harteatlng 
la mora faaalbla on tha vaataxn fXaak and patt3^ la tha 
oaatml aoaa* yhlla latav^rov vatar harvaatiag vhleh makaa 
Uttla a&orlflea of laad la mora faaalbla o& tha aaatam 
flaak* 
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OHAflEE VZ 
SOIL miBWBM (MQMm&nm mp 
BEosicsr cmmtm 
TBQmmmu of mt WAMWU »ZI 
^vmi lihm thft aftadataa attsorptioii of mixi*inkter 
1© onsosrid iM fht mvLA 1mA miilm, tli« prottlw of n^istay* 
reoalzui 1»foavui« IOM mil ttoietovt !» a«ir«r ••oui** for 
eyop tw«« Silt fioiX ttoiitore emtittiita ^ ^t a i^st in 
maeimB vaart Itar «'r&pomti<m fi^i tli« milf tlupotig^ A**? 
]p«x e^&iatlai 1»«lov t ^ foot e^o mA ^ •pi-outtag «••!•# 
Za tho aUd Ax«as of wettom Ba|adtliia& itSmm milB mf amAj^ 
vlitk itiiMT "pwm tpaotif i t li&o t»««i ettinatod that &oarljr 
^0 por Omt of tbe rain water 18 l o t t i a^Ottt 20 p9T e m t 
hy f«n«offt a&otliar 20 per etat by doOf p«2*oolatiQn aat 
f 
^*tO por cent |}jr «vapofati4m» OtpaeiiBpticsi of mil moiatoro 
^ tl)a veada la en addi^maX losa to tim alraady Sissitad 
aoiX ffioiatttfa oapa^^« 
le&oaf eo&aai'vatioii of aoiX moiata^ la axtfoaal^ 
isipor'^ait for attoeaaainx eropplnir in vaatam fiajaetlaa&. 
tlolataxa ooaaarvaMcn afforta alioi;^ fi l>a par«mial and 
fa|«aiilt E«0* aad Otiptat S*K«t •Inev^nmiMg 
Ba&a i^iatar Bflioleaoy la tha kriA and 
Soml*^eld Araaa for Agrle^tafaX 
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p«rsiet«kt« Shore are tmrlous proeeesee of coiuierffttloa 
and proper tttllliatioa of soil aoletare* fbm derieea vMeli 
are reoooiaeBaed Igr epedUOieti are (a) auleikiag (b) Control 
m deep pereelaUoo (0} Bradieatiosi of veeda (d) l^ alXovliig 
(e) Fla&Uiif viad breakers (f) ISlni shelter bel^ and 
(g) Control on transpiration* 
SOIL KOICHIIG 
l&ere are v^arlotis Masons for ^e use of nnlolies* 
espeeial3jr» in dx^ r land inzoin^. Shese inolndei stabilising 
theznodynaaies of seilt sell nutrioit effects» soil salinity 
oontrol» soil straetore iaproTiaenti evop quality control 
and veed control* 
Mnlihes affect niaereotts soil properties such ast 
microbial enirirooaent of soilt soil biologieal regiae» soil 
t«aperatttre throng radiation shieldlagi eiraporatiire coelingi 
mineral solubility # increased infiltration 1 soil erodibility 
and plant root distribution* Hulches noderate soil 
oonducti'vi^ and thus affect teaperaturs regime and the 
related vateir conduotifity* Hultiies also help infiltration 
by absorbing the energy of fnHing raindrops t thus reducing 
dispersion and surface sealing and subsequent crusting is 
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r«aue«df Huleliwi art (1) soli nuXoh (li) ox^ ganio muleh 
and ( i l l ) artlfi^aX aoleh* 
Soil mtaoh i t a looaa 4igr toil usually obtaiaad 
by 9vatim9 pXou^ i^ing* Soon aftar ^a luurvaatiag of exop8» 
soil layars boeona eoopaet md eobaaifa* Sha b i ^ 
twaparat^ ivaa eaaaaa a gvaat 4aaX of avapomtiCRi wwm trtm 
10 faet daap^aatad aoiaturat t b r o ^ oapiXlaiy aation* 
To pvrmkt tha eapilXazar avaporatioii» tba fialM ahould ba 
opanad bsr abaUov pioug^ hing ao that a tbin top iayar of 
tba aoii ia mtbar dataebad froo tba lovar ooapaat Xayava* 
Baat ia ooataiitititad m tba eloda of aoil smleb and 
avaporatioa takas plaoa aaiiily tern tba oloda« and tba 
moiatura balov i t ia aairad aa tba oapillaxy aation ia 
diaeositiiiittad* A 7-10 on iayer of looaa 6xf aoil ia aoat 
effeotiTa la niaimialag tba a^aporatimi of aoil aoiatura* 
Soil m!slob| i t ia aatiiaatadt ean aaira 3%'^ tona of vatar 
ia a oaa aatra daap fiald of oaa aora? 
Baaaaly S«P* at al«| "Bffaet of Mulebaa m Watar 
Cmaar?atioa» Soil !?«Bpamtttra aad Oroirtb of 
Haiaa aad P w l Killat% | f i < ^ ^ , ^ffii ?glr«t 
?ol#41t 197!f p*469. 
Hi|b«a&» 8«|}*9 "Coaaartatioa of Soil Hoiatnra Jndejp ^ Faimiag% MtfifiulSSMMf Vol,5. 
Ho#2i t944t p.98. 
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Xn iMStem lajati-^ iaii thi ftdila mm ^mMmHyr sandy 
to ia&4r U^»aB* Slw0« ooilai 1^7 up qnloldar $s&& timm mta 
0«Xf i&ul<^ iiiig» Sov«^rt ftoil mtil^ hiiig is novt •£f«etivt 
on hta'vy soil of thM sastOfQ flmik of l^iuaj!»i&ii« Siksr» 
faU aadi ^aloi« tkm m tbs liglit soils of ths vsstsisi faaale 
SeptSBlwr to S&mm^ moisturo dtpitti^ SEi tslcss plsoo irm. 
top 60 o& profile oaijr* As tlis soil »oisturo lioiow ^^s 
Aspth yeasias iat&ot, 1^ m^l orops sliotad Us Assp rooted 
to ttsfioe use of tMs soistore* 
Besides soil ttoloht orgsnio sad oirtifi^sl mmXeliss 
ii&Te sieo proved effeetite in the ooaservmtioa of soil 
moistttze s&d laproiriog soil teapfreture* 
Orgsttio Qtilehiiif iUioIttdes tlie spread of vt^e^tiire 
or paper i&ateriait bajra luislSy ^ar strav and th» Xi^* 
fhese organic aul^es aot imly ooasenre soil aoieture Imt 
also add hmxm to tlie soil after their deeoaipositim* Ahotit 
7 em thiok lsy«f of T^etahle tresh or § qa lagrer of ssad 
hairv eeasiderahle effeet m eoaservatim* As the winds hlov 
v i ^ a hi#i velooitgr in vetteim Bajastia^ a&t the vegetatiire 
material hefo» the talas a^ he hlona avay* It is» thereforoi 
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aavi>«abl« to sprvad i t imBtdiatol^ r aft«r tti« tlmt rain* 
It ha* bMa oetissttd tl^t as nuoh as 60 par etnt of the aoiX 
moistttri la theso areas gets etaj^rateA ismeaiatel^ after 
the rains before the soil miaoh is fomed; Hence» oz^siiie 
mnXeh proves more effeotiYe in olsiservatioxi* Horeovert in 
the orga&io aiHoh meietare is eoiiserved for a longer period 
than in the soil muloh* However,» of the various materials 
of BuXoheSf hajra hnsk has proved aore effeetive* Its 
fluffy aatter f i l l s the pore»spaoe end oheeks the dovnvard 
ttoveamt of iBoistiire, As It deeaors quiokly» i t adds htaus 
to the soil. It does not allov ireeds to growt It inoreases 
the vater holding oapaeitjr of the soil in the root sooe? 
Bajra hnsk ie easily available in vestem Ba^ asthan as i t i s 
not used as a fodder* It not on3.y conserves noistare Imt 
also considerably inflnenoes tim aiero^dioate of the soil 
by maintaining unifoxm and hi^er theraal regiae of the 
soil during the vSntert facilitating ^e eapiUaxy aoveamt 
of the sttb-surfi&ee aoistore conducive to the plant growth as 
well as root growth in the 8ab««oil sons. 
4 ibidt, p.59* 
3 Eanakriihna, Y.S, and Singh* B*P,t "^s* ot Bajra 
Huskffuleh fornois^ire Oonservation *^, 
mml PfWrli 9tAtStM*» o^dhpar» 1974* p«24* 
6 ibid.t p*25f 
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OrcBoiie snaoht* itdoee tht dluznal rang» of 
tiap«yttttti« ia the soil 1^ ^ virtut of bolus ^^ ^ ^ oondootor 
of host* Bovoirir» diixing Itfearif ooaooft lAien oeil t«ipofmt<uros 
axo laTsuelabljr bight muXohoo ouoh ast i ^ a t otmv vtfo 
found to Xovor aowa tho aob^ooiX thoxoal rtglao* fho moan 
oexlatSB aoiX ttstpwratoM at 5 on doptli of aulehod floXd la 
about SPG lovor tiiaa uimuXohed fioXda* Zt haa b««i rooordod 
la differtat ragloaa of iraatam iajaathaa that la the 
Aulohed fields laaxlAUD aoil t«ap«i*atuve geaexalljr raagoa 
fvoBi 3^m43^G i^Xe ia the ussolohed flelda i t raaged frm 
36^*54^0? BiNm duilag the crop grovth nldo Tariaticiia la 
aoiX tempoTatture froa 3l-41^C fnm the muX^ed flelda aad 
3^.44^0 froB the uiBiaehed flalda ware obaartad oa differeat 
Artifieial aalefaea alao piove Yoirar effeotive la 
the oonaerratioa of aoil moietort bat their feaaibilitr i t 
UiBited vlth the aoall sad poor fiasmess, Oa the experlaeatal 
7 Sihl^t &•?•§ "Zaprofod DxjrXaad Agrieolttira for 
Veatem Bajaathaa% |^ffM?f4 Wil^ fM»f 
8 Aaoaimouoy vcaatral Arid Zm9 Beaeareh Xaatitattf 
»fiaograph» So«a* t983f p.20* 
9 ibid. i p«2U 
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tftm pljuitio mtiXoh hat bt«ii foana aov* •ff«etlvt fdr 
aoistsurt «on««r««'feiai but lil|^ oost of tlil» aat«7i«l inatDis 
i t s w iBp»ietl«Abl# for low vain* «ropt 0a tte digrla&Ai 
of vtstom Bajaathaa,^  «**•*« Se^ mval itodlM in th» t&&it«d 
Statat rovaaltd that tlm eoXonr of plastle solohat grtatly 
affoetta aoil. t«pofmtart« is/hlto or rtfloetlTO plaatle 
dooroaatd toDpevatoroa or had no effoett vhlXo oloar plaatie 
ooaaistiQtXy rotnXtod la hii^or tinperatayoa ^laa hara aoiX*!^  
Oloar plaatioa roault la bi^ior tmporaturoa hteaoao iSm 
soil dirootSjr ahaorba moat of ike mergy fron iaowiag 
aolar radialdLoa* Blaok graatilar matoriala laoroaao 
timparatariat irliaftaa lightar oo3Loiirad gravala rtdaoa 
tinparatiarea at OQtt{«r«d vith bara aoil« 
Bxparla«Eita hava batn eenduetad m tim apatial 
fariatioaa of taapaxatura mdor poX^thylaaa moXeHi in 
yaatoiti Bajaathaa» Altlunigli poljfttharltaa auloh vaa fooad to 
raioa tha aoll ttnparatura at to oa dap^ by imjPo tvm aaat 
to vaet aad or^»lo attl^ hea Ilka graaa aad atraw lovarad 
)0 Bajpat* R,Kt aad SSa^ bt H«| "Bffleaor of Slffaraat Halohaa la Coaaaniag Soil 
1970» p.43# 
It Adfi»a» J*E«« 'iffiot of Hulehta oa Bad Coaflgaratioai 
soil 3!«Bperatura aad Orowth aad Tlald Baapoaaaa 
of Orala Sor^ nm aad Com't Ajarca. 3*^ Yol»62| 
If TO, p.t86, ««M«4Lj^  
ta oapta, U.S. (ad.), mrgl?^}s|ffl Affpfffiff ffl Pnr^ft 
Smiafi, (Haw Beiai, 1982), p. 243. 
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th« tompefatux« Iqr 1^ «»6^ C fxom wwt to oat'l* M^mr 
produotion vas ol)tala«a fron aoll« mifr poiyttlsjrltiitt amloh. 
A soil tcmpeimtort upto 38^ C «a« not a erlti^a JUUiit* She 
•oi l under poljrothylaaa trnXdh vai Hound to oostain 3*^3 on 
mora aolatara In Jodhpor niilla oxgaalo mloliea eonatxrad 
$«>25 aa nora soistaTa!' 
MaXoiiaa of plant aatariaS^ rodaaad aoil taapax^ tvurea* 
Sotfaveri tha aaaaonal differnnoao ara lovar • in aiianar and 
hXgjMer •» in vintar aa noetoxnal aoii taaparatttra ia 
atabiliiad* Shia ia appaxantljr b^ia to oondaotion Bodifioation« 
It alao radaoae the fvoat oeettrx«»noa« 
She faxiB atudiaa rare&X that hi^aat gmin yield 
ie remrded vith atrav aoloh follovad hy duat siaohy tamyard 
aanure BBiloh and refleetant« She emperiority of etzmv anloh 
over doBt mcdoh ia due to high albedo value and mmplete 
eoirerage of aoil aurfaee!^ 
fhe fseoniyayd nanure aaloh being bla^ bsovn in 
colour abaorba nore incidental radiation, iner^Med aoil 
!5 AnonyDooat op« eit,> 1983* p«22» 
14 Ali, »• and Fraaadt H»» "Effeet of Holehea* 
Refleotant and S!^ of Seed Bed oa Barley 
Orovn under St3iii«Arid Oonditiona't 
ffflU^ 9t Mi Sffif > IToianZ, 9o«4> 1974» 
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tempermtmx^ and th«7«by eslmzie^ evaporation I&BB B» 
compared to other mald&mi^ 
Bffoots of KuXehes on Soil SaUinitjrt 
"ShB eoUe of tho arid vestem Bajaotlfflii ha^ rt a high 
salt content* ^^ eoeeepti^lo plants in these soils 
eapeeially at the gemination and seedling stai^ est ws^ he 
severely injured, ^erefore» any praotiee that redaees 
evaporation shottld moderate the adverse effects of soil 
salinity! She nolohes not only redace the salt injury hut 
hy reduoine evaporation they reduoe subsequent retum of 
the salts to leaehed sone« 
Effeets of Httlohes on Srosiont 
As the high temperatures and lov humidity r^mlt in 
the deseioation of soil surfaee In the arid regions» thi^ 
are h i ^ y vulnerable to vind erosion* Berot eoils are also 
susceptible to water erosion because rainfalls in heavy 
downpours and the surince is inadequately protected by 
^vegetation* iiulohes may increase soil aggregation* Brosion 
by vind decreases in general as the amount of stubble mulch 
increases* 
%3 ibid*» p.?74* 
16 6upta» 0«S«t op* eit*» t982» p«245* 
n ibid,, p»246* 
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BfftQts of Mulehos OB Plantst 
HaXdhM aid gaxminatioz^ t «B«xetae« tad •••dUitg 
gxovth l>y lapxoviiig th« m>tX and aasdal «ifiroiiM«&tt One 
of the ao0t orltieal poriodt in tlia lif* oyeXi of a plant 
la tbat ooada wamt ba plaatd in fliir0ai<a1)la anvir»ka«nt with 
iraapaet to Boi8tare» taspoiatuM and aaxatlon* 
Iiote of aoil Boieture throog^ deap pareoXatlon ia 
ona of tha aoat daeapti^ ra and parplaxing eltuationa fiaoing 
tha tBktmmt, Elf^ paroolatiott xtttaa in thaaa aoiXa fturthar 
aegra'vate tha psohI«ft 1^ alXowing haavy Xaaehing loaaao of 
nutriente raaolting in lov fartiUty of aoiX* fha t&tmw in 
tha vatav ataxred araaa ia acarooiy avara of tha natora and 
intanaltar of thia daaaga. Ba ia not aqolppadf isnadiataly 
at hand* to nagotiata nith thia prohX s^* 
Ona of tha affaoti^a Baa»curaa in tha oontxoi of 
daap pareolation in the aandy aoiXe ia tha iffiproTenant of 
aolX atraetura to inoraaaa tha vatar rataiaing oapaolty of 
tha ttppav la|rat« of aoU upto 75 m\^ Kolehaa mf highly 
te ihid.f p»246» 
19 Oakahinaiauxtl. c** "Soil rianagaDant for 
Bffieient Water Uaa*** Twm Ffffpitl 
V01.XXI1, Ho.2, W2, 3P.57 
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suitable to pat iap«diBeiitt to doop poreolAtloii* Oi'guiio 
imXolioo, ospoeialXy bajim Iswk playo an iAportaat TOIO in 
^oiiaiofi and binding ttio aoll straotara* Shla eonaiderabXy 
ohaoka tha dovnaard ao^aaent of aoiX aoiatuya and rataina 
a good dfial of Boiatttra in tha carop foot tona* MuXohaa not 
only atop daap pareoXatioa tet alao indaoa tha oapillavy 
ffioiraaent of tha auh-aarfiaoa aolatura to tha b«aaflt of orop 
and root growth in tha lowai* and middla layara of tha aoil* 
Raoant inraatigationa havo indleattd that eontinnooa addition 
of xoot8» atabhla and graen atalbc of oereal oiopB» intaiaot 
vith hioXogioal popoXation and isaintain aoil atraetttra at 
an optiana leval and atopa deap pareoXation loaaaa* 
In tha aandy aoila of aaatam f3ankt i^oh hava 
little olay content # there ie eonaiderabla pore««iAoe for 
a U the eoll aoieture to pareolate beneath tha root eone* 
fha moiatara ataye there under hl.^ t«uilona dne to 
caleareona nature of the anbHioil* Share ia little eapiUavgr 
aotion to isake the moiatore aove upvarda* It ia anggeated 
that in the areaa of deep percolation oropa ahonld be planted 
in the ^rlj atagea of rainfall to aake better utilisation 
ot Boiature* She dovnvard ooTeaent of vater in tha aoil 
ia a deoiaifa factor idth regard to the aueeeaa of orop 
20 ibid*» p.10. 
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undtr dx7 farming* Lst* jsljmtim ham Bhomk m a«fl^t of 
moletttrt in the off«etiY« root »om» at the latox' otago of 
on»p gxovthf^  On aa avoisfio afeoat ^ par eiiit of rala i^iatas* 
la Xoat thfoii# daop parooUtioa i s tlia aoil« Eatlaatoa la 
roapaot of ioShpuxr dittxlot iadleata tbat baapily i$»3 V^ eoat 
of tho 7625 alUioa e»«a of vatay i^ etiTOd ia Ulce3^ to Iw 
atorad in tlm aoil at tha a&d of tha ralay aaaaoa* Of tha 
r«uaiiilBe 6560 oiXUoa ei&*m, 45*1 pay oast augr ba loat 
tbiEVtt^  daap pareolation* 
Sha daap parcolatlon em ba eoatvoSaad by iaoraaaiag 
tlia aolatura rata&tiva oapaeity of tbo aoil by oertaia 
maehaiiieal prooMaat aaab aa aabN»aarfaaa aoiatara bafvlero, 
la vaatam fiajaath8a» aapaoiaily on tba vaatam flaakf 
vhara tha aaila hofa hi|^ Snfiltratioa xataa, 3«40 par oaat 
of tha raiwfill ia good and aTOtaga vaiaiaXX yaara ia 
g«Qaraliy loat throoi^ daop paroolatiim to Hunaa* B&««vari 
the aoiaturo atoiage oapaeity of asuvaa ia fairiy high aad 
thoa tha aolatara Xoat to srannim tone eaa be iwda uaa of 
by gyoid&g daap rooted pXaata* 
at SayaXt Bajbaaa* at al«t "Preliaiaaxy Stody «i 
ftoreaent of Availabla Vatar ia Sandy lioaa 
Soile aader Cry Bazniag; c«aditiotta**» 
fffl&g^  9tJtiLMm» VoI»XZZ« iroa.5 aad 4» 
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Sh« 8ubaar£fto« »ol»tur« texrl^m of auipliaXt layer 
and b«atoalt« oXajr lajr«r !»•« I>«ai «sp«7itt«Bt«d viii^ are 
mora ftasibXa in Baxaert fillouiert (duunii ^alealAtr and 
Jodlipur* 
3f!it 8tt)»ar^a« aoiatttra Carriers of 2 m thlok 
aephalt layar at 60 cs aoiX depth ioproira Bolatttre end 
aitrogio retention oapaoltjr of the aoil and jla«areaae orop 
prodiiotion?^ Asphalt terrier reenlted in an iaoreaae in the 
retenti^i of aineral nitrogen in the eoil beeaisee of 
redaction in X«i^ 3ing loeaee of nitrogen* On an arerai^ 
6$ per oent inoreaae in nitrogen retention talcee plaoe with 
8tt<9h a harrier in lov nitrogen areae of Baxtter» Bikanert 
Oangaaagftr and ^aiealmer* In ar«M of sedita nitrogen levele 
auoh as in Jhonjhonni SiMart Pali and <lalore terriero help 
a retention inoreaae npto 89 per ooitf* 
In the «qperiseat of hentimite olair a 5 ne thiok 
layer of harrier at 60 en depth lae offeoti^e in retaining 
60«>70 per oent of the total rainfiOl in the »>oteone« fhe 
laoiatikre retention oapaolty of the eandy eoila in 200 sa 
22 Singhi £«P«9 **?iTe leare of Bnrlend 
Agriooltttral Eeeeareh (f971*1975}^» 
Jodhpart No*1t I976t p«54« 
25 iUionjR&oae» op. ait , , f965f p*5» 
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rainfall, artas of Baz««r» Bilcaaer find Fhalodi in Jodlipiar 
distfiot has tiecn donibiad. Xa tlwsa a««aa oiilir 24 MA 
l^areolation loss took plaoo trtm profilos tmder Ixmriam 
vhil* £roa profUas vithoat taxrlava reoizdad ao anoh aa 
120 m p.«oUUoi. 10..W?* « » . . « p r o m - I t h w t 
eutearf^oa teirlara paroolAtloa loan ime al)oat !!•» tltt«a 
greataip* £lia aubtarfaoa atoiatmra temrlaira oaoa laid* 3Aat 
for mora tliaa 1$ jr^ kie* Bv«i ir«gatal»l«a vlileli raqoira aora 
vatar oaa ba ralead o& plota idth barrlars. 
fk9 tasm faiXoviag la $xf f^ n&iag neaaa kaopiag 
the land or a part of i t vithout a erop for a yaar or aaason* 
$ha maiii objaotita ia to aaaura aaffioieat aappli' of aoil 
molataro raeaiTod troa ralnftill during two aaaaooa iaataad 
of tliat obtainad in eaa ataaont sad tima try to aacura a 
orop in a yiar of droo^t* Xii vaatam Bajaatliaii aoil 
moiatara da^oianojr raaalta into raeorra&t erop fiedlara and 
faaiiia* fliarafora» tha praotioe of falloviiig ia not ml^ 
Jttetifiable bat it ia aaadatory* Hoaaoon raiaa bad baaa 
aztrttBOljr a&eartaia daxiag 1968, 19S9 and 1974* Ukidar 
24 ibid*^ p*4« 
25 Haiiitkar,^ H.V, g t ^ ^ ^ p y y Fyy lMA ll^^tS 
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Gompmtn%lr9 7i«348 ia i^Xov and Son^Fftllov Fltlds 
Hold q^iiatalc por aere 
fr«at»«it Mjya 
Son<»Fisllov 1*4 12*0 
It has alBo l»9«it found that erop» on fiOXoir pXote 
Qoaurase ecnpftratiwly »or« aolatort firon d««ptr Xayars* Xt 
l0 rtport«a ttk&t Itajrat vhieli Isas a ahaXXov root tyatony 
vheaEL eroppad on &on*2feiXXov pXote obtainad aora tliaii $0 par eiiit 
of Ita totaX vatar raqiiiriaaii^ fitm tita top Xayar 50 em 
dapth* iMXa oa faXXov pXota It obtai&ad onXy a^ut 25 
pw oaat iratar from tha top IA^W of 30 oa daptb and tha 
roBiaiiilae 75 ptr Oiat f^ roia tha Xovar Xayairai* In tha faXXov 
pXote thara ia t57*»$00 toonaa mora vatar par aera In a 
2 matra ooXima of aoiX than in a oroppad pXot and thia 
quantity ia t&otigh to produoa about !00*950 kg of bajra grainP 
26 Sin^» S* and SsyaXt S«* "Sha HoXa of FaXXovlns 
imdar l>ry Naming* 
VoX.V, Ho#4> 1944, 
27 ibid«t pfl69. 
^da  3 ^ m«4ae% | p ^ f>ffte» 
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la ar«&» ithtre th* soil depth exottds AS m 1% tm» h9m 
aeeortain«d that a part of tha aoil moisture of o&o yoar 
oaa bt eonaerraa and carrlad ortr naxt JTM^* FalXovixig 
rastiltad 50 par otut iner^uia is grain 3rla34 of aorgbua and 
58 par eaat i&eroaaa la atrav* ^ a avldonea is dieti&otl^ 
la t&ratit of faXl^vliig «a eolla vlULeb ara auffleloatljr daap 
to eozuierTa tha ralafall of oaa aaaaoa aad earry ovar tha 
aolX Bolatura to tha aaxt aoaeoa* ftoB avaa la a yimr of 
drought» molature la eupplmeatad liy tha baXaaet of aoll 
molatura tew tha pravloua year ecmaarvad OB tlia fallov 
plot* Slio total molatttra of tnma two ooaaaisatlTO drought 
yaara vlll ^ a aufflolint to grov erops oa faXXov laad« 
fha lose of erop la a fallow araar lag aawartlialaaat 
ooapaaaatad to a graat aacteat bj laeraasad ylalda la tha 
oropplag jraar. fiasldaat aaoli laeraaaad yltlda ward off tha 
falXora of ralaa* She fallow laad la taleaa oara of by 
aurfaea harrowlag to l»ap tha laad fraa frcn woada tmA to 
malatala a aoll aoleh* £^allowlag may ha looked upoa aa tha 
prcBlum to ha paid for tha laaoraaot agalaat eonplata failure 
of eropa la aoaa yeara. 
28 2iaaltkar» H,y«t op* olt.^ 1960» p«294» 
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fh« soil moistttr« in the flzyXfitnds le man«rab2.« to 
lost thrott|3ti Tftxlous ftgt&olMt <m« of thm* Agoaeios i s tho 
votas* In th« BOlJitaro stax-v^ d «r«&« of wMtoxn Bftjastlum 
ti}««« i t l f growing p3.aat8 sprout tip ths flslds irsi7 rftpidHy?^  
Sli»3f ars (|tilts amsrous on tlis ^99p soils of tlio sssttm 
flaak» 3^jr usurp a groat a«al of Bolstorsy as thsjr send 
tlislr roots vsrsr dstp Into tbo soil sad foin s tldelE oaaopjr. 
fhoss bardr v i ^ plants hav a 1^ 017 strong asta1ioliSB» 
t)isrsfors» thi^ sasily oiittilasa the crop in tlis piirsnit of 
moistaro ana nutritnt omuniaption frosi ^ s soil . B^ sn tlis 
dosp ssatod ffloistttrs 1 ^ ^ rsmains tmaffeoteA l>y tlis soordiing 
STsoaor hsat is pmptS oat t^ vetdts* Although thsir grovth 
ahoTS the ground is l i t tie» th i^ roots go •exy dsep. 
Ohservations shov that in a veed infested field there is 
alsoat no moisture available upto a depth of 2 setres and 
no orop can be grovn* 
She avmilability of aoisture in a plot vith weeds 
and one fruni vhere weeds vere rtc&oved is shovn in Sable £IZ« 
29 ^08hi» ll#C«t ^m* Probl«as of Veed Control 
!?o#12y 19T7i 
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fhe resulte of 0civ«rml tfl&lB ^moXuslteSy el&ov tliat i t 
ie p088i1iX« to 0&TO 300»$00 tomioB of vfttoi* in an aer« of 
a aetrott eoU dopth by looping i t frto f»oo W9i»7^ flUtf 
BOitture* i t 10 ettlmatodt is equal to 80*120 am of mia^ 
water aad i t i« suffleiezit to prodaoe about 30(M00 leg of 
b&lra orop p%T aore? 
?ev>bap»f the eocsaoaeet aad the aost haxafal of the 
veeda to keep aaay ia Eaiui* Shia ia a deep routed perennial 
plant iMeh groae oa a n kiada of aoila* mem aaltipliea 
chiefly throu^ tmdergroand auokere (creeping ateaa teehnically 
inoaa aa rhiaoaee) i^oh are fomed in abuadaaae during the 
monsoon* weeds deprive the orop of ita food aad irater* 
In several heavily infested areas the ooltiiTators find i t 
diffioalt to get rid of th«&, Very often they loose all 
hope» and soaetimes even abandon the ImkUl 
Zn order to reolaita the infested Sjoids and ecmserve 
soil BOistars veeds should be oarefuily eradioatedf root and 
branc^ f and Satirely removed from the fields, for i f any 
weed is left I i t vould rapidly grov and overt^ln the land 
agBjin* 
30 Sijhavant Q.D.» "ConserTati^ of Soil Moisture 
Bo«2f 1944f p«60* 
5t ibidtt p«60. 
3a Sosain, H.F*, "Ehns Grass and its £radiaation*'> 
imSSLms^m* ^ol.y» HO*5» t944f p»la9« 
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Wl&a is a povtrful metsAt ot «fapoy»tlo!it troiuipirft'tion 
and •ro»lQ9ci» ««p«elaXljr IA the arid itiUUuitMif iliara It bloiia 
alaoat etaaaXeaaly* It hat bata obaarvad tlmt tha Hind 
Bp%9im in vaataxn Rajaathaa ara gaaanOly Mgli in good 
raltiialX ymsm and ooipafatiTaljr lav in drooi^ ywrUf aa 
tor axaapla in 1974* Wind affaata tha axehaaga proeaaaaa 
batira«i planta and ataoapharey thtraby infLumalne tb« haat 
and aatar balaneea* th9 rwaXt ia tba «ind«4ndaaad aattr 
atrma* Bowtrtapt i t ia baliarad by aona agronoiBiata that 
Btrong vinda pronota tba daralopntnt of xaroii^ bgrtie eharaatar 
end txanapiration doaa not naotaaaillar ineraaaa vith 
inaraasing vind apaad* fba hi|^ valooity vinda not only 
magnify tba pyobloi of aoiX arosion bat alao that of moiatura 
afaporation froa tha fialda* In tba dry faxning araai 
planting of aindaoraan ia ona of tba aavaral aaya of aoil 
and BOiattara eonaartation* Wbcn tba flolda ara aholtarad 
by aind brimkaxay aoroaa tha wind* tha ainda ara nada to 
aaetad tha iMirriar and to blow avay hii^iar o<far tha fiald. 
75 Singht R,P*i •!!•• toara of Bxyland Agri«altiiral 
Baaaarah (WM975)% mm^MSSS^ 
g m f t %mt Jodhpur. Ho,f» p. 5. 
74 Stttrrookt .^W** «¥ind Effaota and thair 
Amalioration in Crop Prodaotion'*» 
Agron. J.. Vol.60» 1968, p.247. 
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Bfae«» til* troslT* snA •rapofAtlT* oapaolty of tim Hind 
i s eoBuiiaevably r«aa««A (Fig*2!)* 
fh« r«aaoti<n i& vliid tipoetiv* iaproTtd iflit«r 
th« d«&ii« bAm«r8 prtfTi&t aa«(2aat« HXtmriiig of tim vlad 
tbrotigii th« tre«8» A0 a r«0tat of i t tho nini voaXd liaTO 
a teooping offoet on lemldo* flit dogrot of livaiMipiYatl^ m 
10 affeotod hf %im atnotpliorle ympmr progtort or »lero» 
oXiaato avoaad tho loaYOO* Slui vtod torrlora not only 
affoot this Imt also preaoto tht dtvfRXl b^ rood tbo iMunrlor 
soatf idildi Hair bave ito iaflumeo on tlia aoiatiuro ri0Ba. 
Plant vator doflolta inei^aao X«B« qmioldly in siioltorod 
araaa and tho vatar uot afflolanQgr la «nhanead» 
In tha ahaltar^omia tha Initial aoll ftolatora 
ad'vantaga to gamlnatlon and aaadUng growth dapaada on tba 
molatora atatoe of tha aoll* Evmi a alight ocoaarfatlon 
of aoll molatora ahova rcnarkabla Inproiraaant In tha growth 
and ylald?^ 
Oinarallyf tha nora valnahla tha tseop or gr«atar 
tha prohlan of vlnd aroalon tha ^oaar noat ha vlndaoranEio?^  
3 ihld.» p,247« 
3$ Ihidvf p«247* 
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EFFECT OF WIND SCREEN ON SOIL-MOISTURE CONSERVATION 
NO WIND SCREEN 
VAPOUR PRESSURE GRADIENT IS TRANSITORY. 
EVAPOTRANSPIRATION IS INDUCED . 
WESTERN REGION CLOSER WIND 
SCREENS 
I 
(C) 
EASTERN REGION FARTHER WIND 
SCREENS 
VAPOUR PRESSURE GRADIENT IS STATIONARY. 
EVAPOTRANSPIRATION IS CURTAILED. 
FIG.21 
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fli* gwm9tvf of tli« i»iiid->0ortfn niXl vmxy firm region to 
roglon la vMtom Eajaothaa, On tho vostom flank of 
fiamoTt filkanoTf Gangnnftgiir and Jaloalaar vhara vinde blov 
atrotti^ and ralnffeOX la also very Xov tha iiina*aeEra«na 
ei&ooXd ba doealy opaead* fha tpaalBg of troa rows ahouXd 
ba 40«90 netrae* tfliila on tbe aaatam flank of Jhanjiiimut 
Slkar* Pali and Jalo^ vtere tba vlad valooltjr la oonparatliraXjr 
fiuoh lovar and rainfall la alao M # tha vlad-aoraeoa ean 
ba apaead at a dlatanoa of 6o»70 aatraa* Q^iasa ai^elaga 
oonld fterthar ba radttoad depending upon tha oatura of 
erop ailtlvatad* It la Inportant to nota tbat tba vlndieraa&a 
abould ba orlantad m aeeordanea with tha dlraetlon and 
•trangth of tha prairalUng ulnda In kfeay^ f and tha rabl 
aaaaona If tha idLnda ao ohanga thalr dlraotlon» 
It la oftan thought that EucalTptoa by irlrtoa of 
Ita qolok grovth ooitld ba KD, affeotlTa barrlar to tha idnd* 
But a oarafUl look at tha traai voold ahov that oldar tha 
treat higher la Ita foliage* Xnatead of fozmlag an affeotlve 
barrier It aaj veU let the vlnda thztnii^ beoaiuia of Ita 
opennaaa aa It la likely to orMite oorrldor affeet, fhla 
v l l l not only Indaea etaporatlon bat eroalon alao beoauae 
the vlndatofiui carry vlth tha& tm&vy toola of eroalon upto 
a height of one or tiro laetrea In the arid landa, BjEperlaantal 
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pXeatatloat of Eucalyptttg cemalflolwcis vm ndlstd m 
th« •andy solXt. SSM plaatatloni IndieataA ttiiatad grovth 
and sona traaa atartad dying aftar grovlng ta a liai^t 
0t 5-6 aatraa?^ Sha pXamtatloii aawia to bava aaffavad daa 
to aoll moiatora dafLoltDoy, fha roota of Baealfptoa go 
Tarti(»12jr doanvayda and tba aaiii root it ooafl&ad to 75 m 
dapthi hovavar In tha axpariaa&t that mm omidaeted tha 
roota had gona 1,9<»2«$ matraa daap tmt i t vaa gmarally 
aparaa and laoking Xatarol root hair* fh% BOit profila and 
root atudy raraala that oaXoaraotia pan inhibita root growth?^ 
Anothar apaolaa» dilnaa* Lantam (DicAiroataohyt glonarata) 
haa proTod oatatanding in aarflTal and rag«iaratia& nndar 
Bioat dry and adraraa aoil ooaditiona?^ fha traa haa d«Eiaa 
branch eyataBi irwf affaotlva in varding off tha aand 
anoroaohaant end aroaion* !!MB spaeiee haa baon triad in 
deap afflidy aoila of Jodhpor and ahallov aandy loas ovarlying 
hard pan of oaleliSBi earbonata of Pali, fha traa noted aa a 
37 Hnthana* K«I}« and Arora. a,]>#f *^ ParfoxiBanea of 
Bttoalypttta CanaXdnianaia on Shallow and 
Daap Sandy Zioan of Pali (Vaatam Ea|aathan}<'» 
liBftf^ 9t Afflfl m^* ?ol.Z7» Ho.4» !976» p. 298. 
38 ibid*, p*299» 
39 ^uthana. E«D*t "Chinaaa l>antamt k fraa for 
Arid zona;, tl#?ft milftfft Vol.XXVIX, Ho,6, 
t977» p.17. 
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•oxy aatisl&otory niadseresk at both th«8« plaeti* Vl&d 
barrier le a neoeatary davlea in dry faz&iiis to sava tha 
atanding eropa ttaa wiXtiiig amy* 
Hiiii*-8haXt«r beXta ara ttii3i.kt tba aiadbraakara* 
Hovavar« tbay ara afftetlva in nolatora eonaarmtlim and 
radaeliig tranaptratlon Xoeaaa* It baa baaa diaeoTarad tbat 
tba Hind gaaaral3.y iaduoaa more tranaplratioa loaaaa on tba 
aballov-rooted cropa thsa. tba daap rootad^pXaata* Mini-
abaltar bait la a eroppixig davlea to radaaa tba Xoaa of 
eoiX molatora* !£ba eropa i^ob ara aballov rootad aaob aa 
onion end garHe can ba oaXti'vated on tba Xaevard aida and 
tba deap rootad eropa oooXd ba grom on tba nindvard aidaf' 
In tbia atratagy tba daap rootad eropa oorar up tba 
O'vaporatioa Xoaa by axtrae^ng aoiatura frott Xovar Xayarap 
tboe raXiaviiig tba vatar atraaa on abaXXov rootad eropa Fig. 22. 
In aa axprnriaaat lAmi aaisa waa groan m aindiiard 
aide end onion on Xeevard elday it vaa f&ond tbat aoiX 
40 ibid«f p*17* 
4t Tajaanif E.0* and Gupta, S*E«» *Inoraaaiag 
Eain-aatar l»moianey in Arid ana 
9eisi«^rid Areaa for AgriouXturaX 
Prodaetion*'» i^ggPffflW m.mi mi 
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MINI-SHELTER BELTS 
WRONG METHOD RIGHT METHOD 
'W^Mi^y 
v/y/z/z/y/x 
WIND DIRECTION 
SHALLOW ROOTED CROP 
] DEEP ROOTED CROP 
SOURCE' SYMPOSIUM ON SOIL AND WATER 
MANAGEMENT, ICAR,NEW DELHI, 
1969, P.1I7 . \ 
FIG.22 
192 
aoittur* lot»«« v«r« r«6ae«d to th» csttat of 2CM0 f«r etnt 
in '^ ift <mi<n plot as oopp&red to th« ooadl'^ cm viioro thiro 
was mo i!iljii*«hoIt«r boXtt^  fbm a^iro are am% of tbo 
to^miqmts 11^ ell ffiajr l^ t a^iaftiUf ispioyoa m dzir faming* 
Sost of thott toetmlqaMi havo fsoftd tfftotliNi Mt a fan of 
tli«i aifo mtm ia ths aq^ orlisMatall ataga* furtbar raaaaroiiaa 
ara bound to diaoovar aav aiii batt^ tatimiftiaa of aoli 
aol8tt»^ ooaaarfatloa* 
42 fatilp 7»s« i "Iffaet of j^ liytophaaaa sad 
Mini Olialtar Balta m ¥at«f t7aa b^ 
Crop8'*» {t^|«^Ueliad fb«s« 3lia8ia» 
lAai, Haw J38lM)t f9^> P»f23. 
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wmnuum tmi Bwnamct m mi FAMISS 
Slie soil i of imit«]» Ea^astliaa ar« tadd to be 
»or« ismgry tbaa tidrstyl ^e«« soil* are rmey poor in 
orpailo aattor* fbM vm9 of forlllisoro luui h%m ftlsost 
noii^ oxtaiit ttnier di^ a^xnlBg eoAdiitiosis* Iiargo aaowito 
of fertiliaor ^imot %• addo^ i to «otl6 ia thoto rogloaadi of 
loir i^lnfall and Ug^ ofaporfttion at i t aay laad to 
•xe«68iT«s ^aotatvatioQ of tli« salts. la l^ itao araaa» 
tlia daagor fros droo^ ia alwmra tBial&«it» 
Boologiata p^yst otit tliat oltratt lea^iliig 
e<mt3(il3tttta ai0Eiifleaiit2jr to oaviftnsaatal polla^«i! It 
la fait tiiat obittleal fortlliaafa datarlorata tl&a laioroblal 
m.'viitmmmt of tht aoil ly daiaagiiig tlia sloro«^r£iniaaa« 
flila ittpalzv tha ps^ oaaa of aitiiflf^tiQa and tha aolla 
stair l»a rm(i%rm& atazila* Wne rlileobia tsaatarla ia a varir 
important orianirai la ttia aoil* Ita poptlatioa la alreadjr 
vary low ia tha aoila of Barawp, Blkaaar aad jraiaaliiar ia 
vaatafa Bajaatliaa* WLi^ toeipaxmturaa radaea tlia popalati^ 
I Eimvar* ^«3«t "F^rtllieara aad EairiroKiiBaatal 
PoUtatimis Xadiaa caaa Mal^ raad^ a 
lilMgjO^alllg, Vol.XXll, lo . f t l972t 
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Of liilEolaila baot«yi«« 2h« ohviioaX f9rtlli0«y» v l l l fiMtrcsor 
thsn ft&a th« aitrogm lizatl^y in tttm» nirnXd b« adv«v0«3y 
ttfftcttd* If rlHiObla, «i© iiltro««i fUUig 1»«t«fl«» dlM 
tli« soil Hill. beeoBt iiitrt* In oi^tr to •••••• tim 
XiktXiliooa of aagr aiauMst to tbo mrirmmmtt It wUl bo 
vortlivhilo to ozaniiio tho ooooivtiioo of nitrogiiit yhoo t^onui 
Hud potash in t^ iMO iojUJi nod tho aorpliologloal roaotimo 
irlMsi thoot fortiliaom art addoft to tho toll* 
Sho totaX aaoottt of altvogiii la thteo ooilo la 
moagrot upto tho tout of 0*02^»07 poi* omt fk*oi vtot to 
•a«t aad tho phooplionui rooorroa aro gonorallsr dtpXatad 
but tho potaaoita rooarroa ara in oufftoloat qaaatltiaa* 
Of all tha nitvogtn appUad at a foirtiXliari a aajor part 
ia roaoTOd by tht crop* fha oxporlBMitftl Hadiiiia hairo 
ahoaa that about haXf of tha nitrogtn app31ad to tha toil 
ia loot througli volatiliaation} flxaticsi aa oaflicniia in tiio 
Xoaa through roiwoff a&d loaa throng loacthiag^ la vaattm 
Ea;}aathaii although tha loaehing looaos 9sn alaaat atgiigibXa 
dua to aoaaty raiafhXl but tho major loot of aitrogm la 
through irolatHiaatioA boottnoa of rmfj high twptraturoa* 
Hitrogm Xoaa ia gaaaoua fozm raagao trm 28»64 por o«it 
trm oaat to voat« 
195 
fixtd •(» yapiOy that tht Imm of tl» nutriints ia a.«ft0)iiii6 
10 liardljr • i i^floiat . Xa tht eoMni« tcxtar«A saaay toil* 
of tilt vMtoxii AA&IC th« pliospliatt lost i s aomalisr M^hsr 
tliaa ilk hsafy tsxtuvsa soils of tbs ssstsm fisak? 
Fltos|^oiiis is ttSBslisT bSQSfioiaX ill iBftroviiif; Itrooi^ t 
rosistsaee in ths «roi^ « Shs potsssiua oQAtseits srs ttsuftiijr 
lii^isr in ths subsoils than ia ths sarfses soils* Slis 
saEhsastioa of potashy hovsrsTf i s slow hsoaoss of i t s 
ooeoTTtties ia ths lovsr dspth« Shs msohaaioU. ftisiats6X«ticn 
aaa Isaehiag of soluhls salts is aialaal ia thsss soils* 
Das to lov aitrats ooatsatst ths dsooapositioo of orgaaie 
dsbfls osnaot provids Isrgs aaomts of airailahls aitrogta. 
Shs fsrtilissif ass ia seaYoity soadltioas ^mm»3^ 
loads to ths exttst fofaatioa aflsr sontae* Shis rsdaoss 
ths sssdliag mmpeme* of ssvsral erops» paiftioalarlr of 
palsss sad srssults ia pooir mvp staad as vsll as ths arislds. 
fhs ortist iapsdaaes is ooBBaoaly ohssrvsd oa dx i^ag aftsr 
raia shovsiw das to pairtiols rsoriwitatica ia ths sorfaos 
Z ?calcatssifarla» ^.t "Fsrtilissr HaaagviiBt ia 
Vol*ZXXX» »0*tf I982t pp.17-2?. 
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lajr«r an4«r arid and •«al-«xld eonditlaui. flit eonttgiaMBtt 
haaptred seadliAe «&«rg«A0« rtsulfa in mtb-optlsftX wtep 
«taad? stedliags oft«n «i«i%« fros eoliMiv9 ioiXs bjr 
rapturing and lifting alabs of ^« overlying aoil* 
f«rtilia«r ua«f hovmnapf i i atsantiia in irMtwn 
fiajantlian tmdar faimurabia eonditioiui of noma! and i^ od 
s^ainfall ^Mva* It ia aiao naeaaaai^  en aoiXa i M ^ auffar 
fttm thiB pTttWMn of alitalittitjr and aalinitj^* 40 ftl^ftll 
aoila ar« ginaraSly dafieiant in plant natrianta atieh ea 
nitrogAy oaXdLim and ilno tha propar uaa of fartiliaax« 
and aaniufae for inlianQing tlia raolaaatioo off acta of tlia 
aaittidnanta and for iniKtaaaing orop px^ Jdeiotion ia of irital 
eigoifieanea* Sitroganoua fartiiiaar eacSi aa aanooiua 
auiphata eonaidarabl^ redmeaa tha pB of tba ailali aoila 
and aaaiata in noliiXiaing tha aoil ptutaphortaa* 
A, a&|or problM in fertiUaar vm^ affieianci^ ia 
tliat ^0 laoiatura raglaa doaa not ai^ p^ort tha «ropa to 
raapond faTWirabXy to tha fartiXiaar naada» and a3Uio baeanaa 
ShaxiBAt S.Pw and igm«Bl.t R»P«t <*l70a of Plwaoliatie 
f artiXiaar in BaXation to Croat Str«ftgtn and 
Tol.XZt Ho.2» 19811 pp«9M00« 
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Of thtt eoXtlvatioii of nm>mvmpmMlf eropft* A* wasikt 
tbB mtlXw teoliof of tho dvylaad tumme* tbftt f«rtJJUls«r 
apjl^oatlai HAS in^fivlmm to eropt v&s jtxetii^od* Bat aovt 
wi^ tlio ftvalXaldlitgr of f ortiliser rMpcndiiiff irttvi«%iM 
of ixylaad erop* and tho kaovlod^o g»lii^ m, tlio faaiitltjr« 
fosrtilioor oat ea& offor eaomoa* poocibllitlM of tnorostisc 
dyjrlaadi oarop produetioa mdor noiwUt «a6 good tmla^ KJii 
year* and alabilialng thin in jroars of aubaonaX raiaflkllt 
Pan aelmtiata haro atoX'vad a nia1»«r of psmetiooa iMc^ 
em poah «p ^a afflolaiicgr lavala of fairtllla^ uaa* 
favtlliaar oaa affiolaney in ttia aild Xaada haa 
ttot bato atttdlad aa iataaaiiraS^ aa ia tha atBl*a]ld araaa, 
Shia lOf obidoaal^ y bacaaaa fortlliaar vm9 la aaagra aad 
uaeartaia in tha arid laiida* Whoa aoiX aoiatura la 
iaadaqoatat oropa fail to raapoad to fartiXia^a or tha 
raapoaaa aay not hold aoononio foaaihility* !She miaiantt 
aaouftt of raiafiill for fertiliamr applieatioii haa arhltrarilr 
haea figorad nearly 400 am* fikia» how*var» largely d*p«ide 
oa rainfall affl^aney and the mdlatura raaarvta in tha aoil» 
Tenkataavarlttf ^.t ^« dlt«» t982f p*^9* 
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b« adJicuittA uliai th« BQl0ty;r« r«glm«» Hutxltiit d«fieliiiel«i 
soifttwrt* SSi«rtfor«# & B04«Yftt« asomt of tultabX« 
f«rti3i.8«r» in aoeordaaet with tim soil aoittoro BI^ iaerowo 
WUB* Bovoiror» i t aay bo pointoa out that i f foridlistrs 
iiioroftso vfttor uoo oxeossiiFoljr in tho «urlj otagOf oovort 
vator 0t3*#9o ttay oeeor at t!io eritioal atai^ aa* Skmit oat 
•hoold mot iooao aig^t ^t tho ntaft to i iait f«rtiliS(^ 
applioation to xmtea i^cb idlX not pra&ota mmm growth 
than tho availabla soil noiataro oaa aoetain until harvaat* 
FioM axpariamta ooodnoted en Afylaado iadioata that for 
ttozljBiaing ftrtiliaar anA vatar usa affioi«ie|r rata of 
fartiliaar applioatim ahoiilA ba dataxminaA ia ralatioa to 
tha soil vatar atoraga in tha profila* Hovarar* on arid 
laada i t ia axtranaly diffioolt to adjoat fartiliaar 
applieationa to aoiatura ragiaa* Hata of fartiliaar for 
a givan erop ahould ha daeidad m tha haoia of vatar atoraga 
eapaeitr of tha 80il» plant dttiaitr and tha vatar hahit of 
tha erop* fha raaponaaa of eropa to nutrianta oaa ha 
euaaariaad as foUovot 
(a) Caraala raapond vail to nitrog«i and phoaphoros* 
(h) Pttlsaa vhich ara of short duration and quiek groving 
raapond to phoaphonts. 
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{«) 011s««d8 vhi^ ar« d««p root«d suoh WM eastor and 
muftard retpeauft mor* to nitTogm and potaaii. 
Sht uaa of fartlliatra on foragt oropa ia laaa 
oritleal than on grain eropa imdor dxy fasBing bteaoaa 
groviiig pariod of foraga eropa ia alioitar and any aUomlatioii 
of growth ittproiraa jrlalda IrraspaotiYa of ^a tiaa of 
atlaulatloa* Many of tha foraga o^pa ara lagunaa oa tMiii 
mily plioaplioxie farMliaar ia app3iiad* Slia moat valoa^ Xa 
eoatrllmtloii of Xagoaaa la that tiiior aaonooaljr add to 
tha oitrogan £Mcatioii« fha fertlliaar uaa affleiaAOjr ia 
aoxmallir graatar ia pula^ u^m iA earaaXa* 
An analytioal aurv^ of cr^ reapmaa to fartilia«ra 
rareala ttiat low to madiiio aaouata of fartiXiaar applioatioa 
a l i i fateb raaaonaliXa divldaada in aoaroity araaa* In 
vaatam Bajaath«i tha aoiia ara dafloiant in nitrogan and 
phoaphmnaa* BitrogWi hoiiairar ia mmt eou^t aftar natriant* 
Hitrog«!ioaa dafioi«ioiaa ean ha aada up hjr iaprovad eroppiag 
pattama alio* 2ha ataoapherie nitrogan ean ha oon'vartad 
into aoil nitrogm* Oar ataoaphara haa 73 par omt nitrogaa 
lAiioh la a graat hopa la maatiag nitrogonoua deflelani^aa, 
Itagtuinoua arepa hara tha tmdttogr to eonTort atnoaphario 
nitrogan Into ooiX nitrogan* Aa ^a orgmio raaarvaa ara 
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•eare* ia th« arid laaAs* nitvogm i s of grtat Ii^p* 
isritn»g«a appUeatleo to grain orops iaaaem rapid •ogotatlYo 
grovtli dttriag tha vator airailabililgr parlod* Slia nat 
raattlt i s higliar yiaid of dry natter* 
Hitrogio haips stora tha Miargy in tha body of 
planta* It has baea obaarrad that nitrogn appiiad la 
kharif* nomalisr, doaa &ot hava aueh diraot raaidaai iraXaa 
hat i^m fldtrogin in tha fom of uraa was appliad to 
safflovar daring ryhi a markad rMidoal affaot «as notad* 
^a usa of fartilisars should* tharafora» ba Judielfms 
and raatralnad* A sXightly hi^ ^ar dosa of fartilisar, in 
antieipaticn of good rains» nay stSstilAta aarly grovth 
and tharaby axhaost tha soil moietiira bafora Urn parlod 
of tBaxinma aater rag(tiiratat of crop* 
It has betn m^mk that tha applioation of phosphatos 
improvad tha hydraalie oonduati'vitir end organia aattar* 
It daeraasad tha balk dansity* fhasj^tio fartillsara 
ChaudharaTf S,L, and Baaiaaathachattar. C.K,^  
*Fartilisar iritrogoni 3ha H ^ s t 
BatoxB mptit for fiainfta Sroi^ "t 
PP#5»8. 
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XvmlM of pl»»plia1i,o f«irtl3i.««z« & doorMSO i& tb* moduliw 
mptttro mm eibBmrmA* Wma mm emvXX ^mm of phoiplioxii* 
lioip i s omiHtliig soli isnuiMag* f tumpbomt 1» i^« ktjr 
•Immt in %h% pTOOMft of phot<»^tli»8i« !•••» eonimniim 
of 0o3lfur oiorgr is^o food* Xt liii» a rotldiiAl. offoet iMob 
l»» tetm eosi»ia«r«d f&vosoralbXo M i t i»)ti34 !>• iistfl by ^o 
•ttl»90(|tt«it lorop. 41tl9um#i tho orop 4o«» not utilis* i t 
ontlfol^ r* ^m snomt enmot h$ eor^dilod t»«oaato m sai^lalo 
asoQut io roqai1^ •d S^ ttio fl»itioo of plk^pliorus lo<f«:i* 
fli«?oforot i^iospliof^ appliofttioit roqairot m moft^X 
mmmgimmt* 
Sbt poesildiuitiee of extt&diag fosrtilia^r uto nad^ r 
difformt »gro*oiia»ti© and »oil rogloiii «ro ll»itii« oily 
to tlio good r«iaj^i yoaaw* f«rU3JL8«p tase oflioloiiflary in 
sm«eml» i» Boto dumliig VSM mM 9m»m thsn ^ivlAg tuo 
liaHi: mMA Imt toil aoi«ta»o ^•tieimw ««»*»« 1^^ 
ai^soa oft«& SJnitt tlio forll.li««r «•• in votttm Bmj^ tliaa* 
BievaSf f«B* «t ftS.*t "&oXo of Pbosp^tie 
froportioo*^ 
vOltYXXX, 
9% a2.*t 'ttoxo or if oBpaaixe 
ion i» Xnprovittg SoiSL fliswieai 
• " i ,,filHtff<iiiii JMiifegs&RiwiiiiiiiRlfeiL^ f i I9t0| fp.8>-09. 
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fli6 mathod o f f e v t i l i « « 7 ftpplieatlari has «& 
tmporto&t iHmrIng m VHB f e r t l X l s t r us* •fn.elmagr* ®i* 
f e r t i l i 9 « r tte« lOioiaia fo21ov tlur ll&t&r o f « i « l i a i o f lilm 
rospcnoo oorro f o r drylazids* Urn twtiUMmt u s t o f f l o l A o y 
can !>• inoroasoA by «it l i«r pIaom«ftt o f fortLXlstv or Uaio 
o f appUeatloci* QmrnPsX^p tm» s o t l i o ^ o f tmUliswit 
applieatioei avo i n prAotloo* 
Cft> BroaAoaatliig aotliod 
<b) Hizijig f«rtili»«r idth aooa at aoviiig 
<o) Plao«B«[it motliod 
(d) SpUt mo^od 
3!i« firot two ax>o eanvwitlQKiaX ma^oda and do not 
ylald battar raauXta* Fartlliaar broadcast doaa not fateb 
iaproTflBMta in r^iold aapaolaXl^ f $& waattom fiajaatbaa 
bacaoaa aurfaoa broadoaat ia not proparly utiliaad untiX 
i t la Bo^ ad into tha root sena by a good ratnfaU» Sbia 
sathod ia iaafflci«it in uneartain rainfall araaa of fiaisarf 
Bilcanart Oanganagar and ^aiaalaar* Siailarliri In noat of 
tha triala tha mathod of aiixing fartiliaar vith tha aaad 
at tha tiaa of soiling affeeted tha gaxminatioa and tha 
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pxtPHn^ v<M^ and atc^^ voBXk%iSMtMssiti i^ n&ti^ 't n l ^ IJEUf^  
Td2.i«i« of «0i3i* F«rMU»«pf •ltottl4 ^ fIftftoA la (»r aimr 
t%ui fXaat ro«0 to lneriAio t i i^r 9tti(Bi,mk0ft I0mk i t ia 
flaood la tilt root emo at ooidag» Wm amtrlmt i« avedlaliJlo 
to ^ 0 pSaat at « oarJlr ttagt aad iaa1^ 34w tlio iraoto to 
i^^ t^tid thorol^ aHovlag tho flcnt to aalGO |iidlel<3%» moo of 
•«^]. aolotatt* Wlilio ]?la«ia# t ^ f^rtlUsoif witliia tlio 
rowf i t ie lapoiftaat ^ «roaoit@r pt«b&1il* oait la|a?3r* 
Boiper plaooia&t of fert i l i i t ro la t!i« ^ H , orof ia «isiatia3, 
^rmim&htsr lioeaiiflo ditflag laM •oasoa tbo aolatiaro SO'TMI 
ioioi la t ^ ioil« 1916 riffiuioratlvo rt^nawiSattma avo a 
10 lc§ n/h& aloag « i ^ sooa la ooaftaiHI aavrov tmm m^ 
i t ooaXd %• laereaooA to ^ leg S/ha, Ja tifoad tumtom^ 
A oQa«id«ral»lo roioaf e^ liaa l»oia oGB^etod m ^ o 
tiao of applloatioB of ail]rog«a to dt^Ifiad oroip gi'oisi la 
^ ^ ^^Iftl* iiiMioa# Xt ia olNii^ i*fad tliftt utoM fiRPtilisof 
atl^od •a l l Imoal* or tif© to tbroo ••pUt»« rmmM la 
Balaai @«S*f **f«rtil io^ 98t la lala«f«d 
if>«fts«*t fftfiia^ i^f^afi* ?<d.«i:viZIf 
»0tl2, wmw »f»f0-t4» 
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»or» &r %mm tim •mm fl^A lit mmy j^ urls of «ttti»ii 
of tlM •astern Hank tpltt aps^ e^at&oii ^oiiift aor* 
l»«t«fi«lal« Split ftppXioatiiMi Q3i»0 G&wmm %tm Ahmnm^m 
in ««ft^ j«r» li«Qi«9t i t i0 r6Miffli«fi4iNl ^mt iiitir#it«i slioiiia 
%• appU^ in 2»3 •plit* diiviii« Hi l i^ lo l^ottty ffleisturt 
«idoit«d «r«aa of F«U imd Sitwr. S|»Ut s^pUofttion of 
nliat^m Auilat |^ f | | iratititt to liigiier f«f^2lsiir and 
noialaai^ «•• offleimcor* 
FluMfhato ana potasli fortiliiexn tlumia !»• applied 
at aoBt doplPb In tlia ai^l* ii^toui^ a oartoia sBotmt ie 
aeoAad in oloii proxlaitir to tiia aaed mt fmrng plant ^ota 
to Im of iraiadiata nee* A««itii»al t«aatiiaL<Mi aaj^  ima^ hm 
plaoad at dapHia i^ bara ttia antyiaeiti «i i i t»a avalla^ia to 
tlia voota later in tlia aeaaon niiaa ^le aorl^ o^e aoil la iiarf 
i Held trial «aa i»niaat^ at tlie aofevamiBt 
igyifttltitre fmrn, Handora (^ odliptup) for tliree aueaeai^t^ 
l i i y ^ aeaaona (19^9* i^U^ f9^} to attil^ the effaet of 
tifo different leirela of aitro^ati applied la ilfiiilt ^^ SJS^ Uti 
doaea. Uiie vaa ooiMa^ «ltli pl^ai^tio f er t i l i s e 
8 Bear* y*f•»^#jf tjO^yllUpif*# 
(«OlSI wLXiKStf mWW IflOPK/f 1949 § 
p*944* 
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Ibroftaeatt aai dilllea m %ia ipmia |1«XA &t M$m» Slit 
r«iiilta na aot inffiiiMitt ex^ 6itt«tmw In | i«ia «»• to 
ItvoftdeaBf or plA^Mtwf of ptuMipHaMg tmm,U9mt* mo ^mmX 
ap^eamoa of 30 kg n/im idtli 19 kg f/im piroiiAoft 1 ^ 
Iktg^ oot irio3.i on SB&dr to oaaAr U^taasi mAlmi Soil* of 
voirtom aalao^ i^aii duo to Atop ftooUoii floj^ooito mm wmpf 
oiii^Uo for tejm ooltLmtion mdor f«rmu»cr«» AppUaitloii 
of aitrogiii ia gflnoral itioreatoii tHo gvain iri^A la %ftjra« 
B|r and largo* mtrogio roopiviao to iaprovoa lia|ra variotiofi 
io rtatriet^ to 49 icg V/im ImmXm Bto rwponoo to 
111 plioaphonui ftrtiUoir io loot frofiMiitS^ olioorfodi^ Za 
aao^iar osp^riaoat i t liaa 1mm ^immewA tliat p3A«tii«it a&i 
II broaAoaat appUoation lao o^oall^ good for Imira* In rot 
aaotlior atoAfy f^tlUaor tiao Saiieat^ ttm% a Aoaa of 
2B kg t/tm> to l>a|fa ^ o^Alipiir soil gavt aa airerago por 
^ootaro (STB^rn yiaU of 17* t Qiiiatala aa aigilaftt ^9 iiuiataXa 
grata fi^t aitlioat fortlUear!^ At tim e«otra:i Arii 2oa« 
Eaaoar^ Xtt9tltata» mm at o^dliptir %tm graia yioU rooaXta 
9 llalita« ir«E, «t al.«i ^othoA oaA fiato of fortllia«r 
Applicatloi ia Bajra Teriati«i uad^ Borsil 
Ho«ti ItTOi pp«l7»2t« 
10 Krialiaaawiift K«t *Ba|ra» Ooroair Orop S«rioa*» 
iftittiB i||g|flll-in.i8ti..iiMyliflfflltlMi?ai ni^ itf iWtrMii 
11 faroaa» 4«s«i *forti3i.8aMQB of Ba|ra (f«iaiaattn 
pp^ ss**©* 
12 Kiaray X}«E»t "Agroaoiio Pro^«M la Arid aad Soal-
aria fioglcao of wmtmm m$mWm*$ 
i| |t iffflP|^ ^^ jfift mn,9mf** "^eium, 
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iaaieatt an laemm^ ot 26 pmv em% In ou« of 22 kg S/iia, 
IltregtB m& phosphate ^ibm AppUeA aliig}^ iii«r«Mioa ^o 
gmia irieid 1^ 18 por emt only, idHilt potewsiiai appUoation 
nlono dop7«e»od tho $t«M, fho rosalte ohow that AppUoation 
of nitfogm and phoaphata ia asaantial for orop pro^oMon 
In thia raglont hovavart ^a jpialda iraxy laidar aiffarant 
tsreata^ita at Ilia attia pXaaa and aiffarait plaaaa maai? tha 
eesia trii^ tDint« 
tSia fartiUaar uaa atfiel«icigr ^ aimflovar, an 
inportant oil»Baad# at vafiotia Xairala of nil^ rogan and 
phoaphosma «aa atadiaa at (|0f 60 and 90 kg/hA)^ nndar tha 
AH India Co«»oiPdlAatad Raaaareh fx*ojaot» Jodhpoir* fha 
raanXta ahov ^lat niti^gin iavala of 30t ^ a&A 90 lEg/ha 
gata ai|9tii£leantly hl^i* aaad tiian in no app3J.<mtion« 
Aithon^i thara v^rw no aifdifleant diff«rineaa hatvaan "50 end 
60 kg S/ha and 60 «id 90 leg R/ha tha diffaranaaa mf 
ai^y^fieant hatvaan $0 kg S/ha and 90 kg H/haP Aamg 
phoaj^ ioraa iaraia alao thara wmf no aignifianit diffaranoaa 
in t ^ 9—A iriaid at 90« IN) and 90 kg f/ha hut al l thaaa 
15 tmi3M99 B«S« «iA Singh* K*C»» «*Fair1^ Iia«r 
^9 in Siinllo«aya*t iJllHl.l^ yTlgirt-
OiJSBIf #odhip*, 1975* p«22n 
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3,e76X8 gAW »ig)ailioiiiitl^ fUghcgr ct«a field* SI#I«P yields 
of PAT liave ^ i a el>t»diied nitii Hie afplieftM>(» of j^ lioej^ lioxae 
tmt the leeffioee UMI iilaost negligitle 1»«r<^ A 40 leg* ^^ 
ir^ponee of ^li^plidnui Xvmla and iMieteriAl ooltttfe mm 
stitdied at fhospliofiit levels of 201 40 end €0 kg/M m ^ mat 
under vaisfed ooadi^oae* lesmlte i^ov timt applieatioa of 
20 leg fgOe/lia liidieated si^iifieaiitly liiglier ^ ^ d thsod 
without i^ ioeplioxue* Tk^ jrield itioreaee at 40 kg f^^h& 
vae not ei^Heaatljr liiglier tiiaa at ^ leg FgC /^hal^  BO«ev«rt 
tlie i le ld obtained at 60 kg f^^fh& «ae ei^ifloantly liigher 
%\mci at 20 kg P^ O /^ba leirel« 
In ^ e asrid aareae of weetefn Ealaetlian i^ere 
orgenio matter i s low a great need for the phsreieal 
asi«idi&int8 in the eoil i t felt heeanae the soi l e^naoture ie 
very veal^ the pond eedinmte ain^ l^ahle firoa iddely eoattered 
pcnde oonld also he ntilieed for inoreaeing the prodnotiiri^P 
"She reenlte of the field t i lale show t ^ t the appHoatim 
of ptad eediatn^ ly aixing i&pto 50*40 m eoil deplii 
14 Sln#i» B*P«| *Eeep€nee of Ouar to Varying 
liovele of Ihoephoros and ^oteriiu 
Cultiire**i Aprpal Report. nkWH^ 
Jodl^rt t97at p*t37* 
t!l Ottptst^t alt I *Bffoot of ^ e ApplioaMon of 
Pond sedlainte on Soil froper^es end 
Yield of fearlMllet and Oreen Ores %3X 
Arid Areas of testexn Ra|a0th8n**f 
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iAe9m»96L tim 9l%t mH ela^ eootiiit of ^ « • o i l vtiieh in 
Isuxtt iJier^ttoA fl}« aoittofo rotixitiflii* Bi« «xp«vimi»t en 
^it gi%iii foift ff^ratv | i l o i ^ of ptastlBi.'iX^t vifli a^Ai'liQDS 
of pmit ••aiaontt IHMI ec»#iot«i for %h$ f«M% I9?6 taA I9?7« 
BotlL ttisfto yoerv hairt «i9«il«&««A a^ofs nowal vftittl^l.1 la 
vostoxm Ba4ae'tiiia& vitli tli« enl^ oiooptifla of Qdiigiampdr 
ana jFaiealffii^  i^oro ZBiafail use %eXov aomal ia flio ym» 
t977« ^ e fmlofftJ.! wm 3KK50 por eoit a1>oire ttom&l i& mmt 
of tho distxtote* flio generaX reoponae mis good upto tlte 
applioatiflB of 76 toBao0/lm» of pond ao&laioiite aaa tlw grain 
yioid i&oreasad W 40-50 per oant* fotaX antf aiaaralisod 
nitrogm atattia of tlia t o i l iaertaaad vltli poiia atdiiaaats 
applioatioii* 
urns zin 
Sfftot of Pmd Sedisaiits on fitld of P^urlaiillot 
(toimaa/iia) Sraito ilM itrair liold Sralii Tiili ' otfai? field 
q/lia ^/tia ^/1» ^ h a 
58 12*« 51.5 18.0 76.6 
76 19.7 59.5 21*5 79.6 
tt4 16.9 65*8 17.8 64.4 
, mi fit? 64t8 fTiQ ir t l 
Soareot C42BI Mtmographt Io«IXt t985i p . f l . 
16 6ap^, J«P,,"iraa of Poad 0adi]a^ti**t Hoaograp&t Ho.lI, 
Oeatrai Arid 2>m% RMearoh laatilaitti ilo^pur* 
t983, p.to. 
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l^ xnycurd sia&ur9 hoM SLUIO IHMBI laaoisi to sMiatiklii 
0Oii proSoGtiirlt? but tli« use of ohtsiioal. fortlXlsesw 
partienlavljr aitrogoi is beoGiaiiig aoF« GOBAQH for attaiaing 
higher ^l^ds* It l^ ui l»oc» ex]?iria«itea tli»t ^iHh tli« 
iaor^do in applioatlm of fiKxm|m*d sumuro md deert&io 
in tiroa thovo vm deoroaeo in tlio Mlk dmaitsr of tlto soil 
aa& aa iiior«a«a la tlie moietara rettation. laeraaao in 
famyard uaa aioo inoraaaed tlia or^taio t^rbon» total 
iiitrog«Ki and tlia mazlAQia i&crtase of about 50 par oaat vaa 
obaartad lAHh tha eseluaiTO vm% of fBxm$B»ii msAuro*' Im 
drsrlaad agrieul^ra outrtaat dafioianeiao gaaarally raduoa 
«atar uaa a£fiei«i<^y tharefora» a modarata aaouat of 
auitabla fertt-lieera aliouXd naoaaaaa i^lr ba appUad in 
aoeordioiee vitb tha aoil aoiature Xaral, Ziifaat» tba probXoa 
ia dry fax«iii@ araae ia of fartiliear-aiioiatura intaraotioaa* 
Sba fartiUsar uaa at boat ia Juatifilad to tba eaatam 
diatricta of ocmpazativeiy bi^iar raiafall. &a vaatam 
diatriotat althou^ baira greater dafieia&oy of autri«ita« 
fertiliaar applioati^ io aot juatiftad ualaaa midar 
traatmeata of vater barveatiag oouplad with aubaurfaea 
sioietura tiirriaro* 
17 i b i d , , !9Q5t P«*5* 
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tevtlllzme appHeation d«p«i^ upoa aaiiy f!aoto78» mitik &» 
th9 etflt^me^ of ^m raliifia3.lt soletitre reatrvte la th9 
eoil, tttpeimtard and «mpei»tli»i« M m&ptrioBl aad eoBSi^ iat 
arbitral^ ti0XT€ is 300 on of smiafiax i s a viatar raiiilJiai 
18 
region and about 500 its in a ewm^T i^infaU asraa* 
18 10iie» hovt^ert ne^ aot )»e o^iaiSarcd as a 
strict iias of delimitatioci ia ifsstsfxi 
Eajastiian* B'riii ia tlis areas of 5$0*400 wm 
simaer raiafaH eoupled vith tiie pmetioes 
of £^yj.oiriiigt vater harrestiagt veed eoatrol 
and sttlKsarfaee moistore barriers fertiliser 
use ^n be made eooaoi&ioalS^ feasible for 
the expeoted moderate aad stabilised jrields 
i& western Eajastheas, 
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oH&piam ? i i i 
CHOP IIA!IA(imM7 MB mWSL mB EFFXCEMCnr m 
DRY FAB!iZir& 
Maaagestiit of crops ia tht dx^ fiftx&tiig areas of 
westexn Eaj&stliaa i s iaevltatel^ ocsineetsd vltli ths 
avBilabllity of water in the root sons daring tlie growiiig 
seasoi* Crop saaagiaeat la a proeees of adaptljig a eropping 
systfiffi stiitat»le to dHaiatet so i l and water enfiroaaint* 
afhe ffiela eeipliasis relatteg to erop saiiagineat la « i i s rei^oB 
should he oa e^volinttg a eyetea of eroppiag iMoh adequate}^ 
ooafozms to the li&ited water availahiU^* fhe need for 
water i s detemdaed hf treaspiraticii desiaad of the erop 
whieht ia tuxat depends apea the weather ooaditicne dnriag 
the groidag season* Essentiallyt the orop response to 
f er t i l i ty i s alaor snd that to water i s higher ia dry 
faxniag* 
CROP MMAQMCTg 
She growth find aaturity ef dry land erops depend 
to a large extent upm the «no«Bit of water the erops can 
use and the rate and time at i^oh this water is awailahle 
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to mm AfmQtMxkg eiii?fiie«* fills 1« related v l ^ «»t«r 
dlsoiiarge piroportjr of ^* mil lilto ttxtuz^ aiiA •^metm t^ 
whleh imxlefl froD plaei to pXaoo« As a result oi^ ops grov 
aomaXljr in SOBS plaess irtiile in other plsees |p:>ovth is 
retarded otiier things reDainlne the s«i6« It i s Gamonl^ 
seen that dry land orops shov a 0.ii8h of luxuriant growth 
early in the moving season* ¥hen most of the availahle 
soil moisture has been eoneuaedf the crop begins to dry up 
before r^ohing aatariV* ^^s Goald» however, be nanaged 
by oontroUing or regulating water aowment rates in the 
soil end planning an optinus orop dtnsity in aseordmee 
« i ^ soil moisture status, Horeo^ rer, the orop density 
alone is not to be adjusted but the crop geometry should 
be worked out for effieient water use in the eoareity 
oonditions* 
Plant dfnsil^ should be ini^ t^ eased within the row 
to inorease eompeti^on amongst ^M plants and thus to 
slow down growth rate* ^e dietanes should be increased 
ammgst the rows to oompensate moisture? &a optimm orop 
Saylort S*A«| "Frineiples of Dryland Crop 
Hanageaent in Arid and 3emi««rid Zones<*« 
Bswiews OS Arid 2one Besear^y Plant«>water 
Eelationships in Arid and Semi«>arid ConditionSf (OITESCO, PAIIS), I960, p*f95. 
Amon, It "Adjusting Planting Patterns to z.imited 
Moisture Supply", Inj ^ 
gtM Hew Del 
'Aa^vm^iME e*aav3LX^ rawvezBS vo ^iwk-mmt 
ire Su^ly% Ini ?hysi9lfffA f^4 Aspff^ 
ilhi, 1982Vp.85» 
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popuXaMon loads to eooaoitio jricldSt I^«B adjusttd to 
airailablo soli moistairt l«v»l0, !&« amsitjr of orop In 
irestem Bajaetlieuci as a xuXo idll. tas^ tr<m ragioa to ragLoeL, 
fha orop dmel^ should !»e lov on tlia ireatam flank on 
Bazsiai>t BS.&a&«r« QaaepKiai^  and Jalaa2aar« Z& tlia emtral 
raglon of Cliii»i» Jodtiftir sad Ha^tir tiia erop dtaiaity (aai 
ba tte^um sad tha oaataxn flaak of Jlmnjliaiittt Silsiurt J^di 
and a^lox*a oaa afford a ralatlval^ Mgliar erop doaaity* 
If "^ la orop population ia inostaaad tliara idll ba ineraaaa 
In tha to^l^ dS7 laattar but tba grain ^alda idU daolina 
ebarply* 
In tha arid lan^ of dx7 land agrioultura vatar 
etare in tba daapar deptba of root aona (rliiaoapliara}* 
fha deap aeatad water moras long diataaoa tbifough 1^ aoil 
at a alow rata to the aparaa roots due to lov acKlatura 
oondttoti-vltjr. Shis will anaurs iratar suppler to the maturing 
orop at a relatiiraljr unifora rata* In vastam Rajas^ bant 
espaeialljf on the vastaxn flank» usually there ia not 
enough suaner rainl^l to produce the orops* Ohdar suoh 
eonditiona alternate fnilov aid cropping with fallow evai^ 
third year beooaea neoaaaai^  to restore ^e deap aeatad 
moiature as vail as improweaent in the amdlabili'fy of 
nitrogent Sinoe most of ^e rainfall to produae tke erop 
falls during the grovJAg season t crops such aa sorghum that 
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requires inter late in tlie season is often sueeessful, 
MllXets are also grona suocessfally in these areas. 
Forage prodaetlm of adaptedi varieties in this region is 
also possible igLtli irislds proportional to availal>le vater* 
Sespite a ei^iifloent linear relationship hetveen 
grain jdeld mA vater use under dry faxming» yield reduetions 
are not always directly proportional to 12ie reduotioo in 
total vater use* fhe aotual reduotione depend not only 
upon the extoit of «ater deficit but also upon the stage 
of crop grovth when deficit oeeurs. Of all the growth stages» 
vis.» floveringt developoent and maturity, the developaent 
stage is found to he fflost sensitive to vater deficit. 
ThereforOf optisus vater use can be obtained by coinciding 
the most sensitive s^ige vith the minimum vater deficit? 
Bovever, in cereals moisture deficit at the time of earing 
v i U have more adverse effect aa yield than if it occurs 
earlier or later in the groving period* 
Hoiel^re conserving crops should essentially be 
punctuated in the rotation* fime of eoving has a considerable 
effect on the vater uss effidency and the directim of the 
ibid* f p* 86« 
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row bas also bota fmmd to aff«et t&t yi^as. Haisa 
plaat«d ia tit« ttor'^wa^utli dtreetlaB yielded ei^iifiesatly 
tAgimr s^eoia end foragt tbaa pXaa'tQd i& an east^vaat 
dit>eetl{»if Similar reaaXta vara obtained vttli vHaatf 
lisad oroi>plAg doeo not haire ao mmh atrase on 
@oil mola^Tt as does aiagla oroj^pln^ fhis ia baeaiiaa 
f lanl» of tlba aaaa apaoiaa oospata tor natar mora vigoroua^^ 
with aaoh otiioif tbaii do plaata of diffaraat apaoiaa* In 
tha eeliema of mizad oropplag t ^ root ayat^ay grovth 
habita and atiargy raguirtBoit pariode of tba eropa differ 
1^0 that the atreaa aa aoietore ia divided in fuomt and 
tise. In ralativaly better rainfedl arena of ^hmjhiintt 
and 8ilcar i^eat and gr»t together and even aingl^ vera 
experiattntad* Beanlta indloated hi^ l^ier yield of eaoh erop 
in the i»i»ed eondittona than grom aingl^ r i» good rainfaU 
years* Sovever* in years of leas rainfall i^eat failed 
but gran gaire yields for sostenanee? 
4 Ctrngant C^*H« et al*» *She B«iefit of Saving 
Haiee for Fodder in north and ionth l>liieB"» 
Allahabad Itoier. Tol.MIXy 19S$t 9P«S*13» 
5 Sheldiaifaty 6.S* et al»» *»l?heat Growth and 
?roda.oti<m in Eolation to How 0paoing and JireotiGn of Sowing"|^ lBfi*.iSHkJMEI* t 
Vol«XI» 1966t pp«62«»b5. 
6 She worth of mixed eropping was loidwn to ^le people 
in rsffiotely die^nt mies* As famers in 
Masdoo pi^otieed maiee**beanHigpMh eonplex 
dttzing 1500-900 B,C» 
7 Bsyaly et al*» "Growing of liegaae and Cereal Hixtnre 
Ittderfiy Fining conditloB8% U&UlmuMSSm.* * 
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SlAglft crop sjrstem iilt^ a long DoXlov from 
Oetobor to u^&e is a xult r&ther tfaaa sa •xeeptlai ia 
western Bajastliaa* Mlztd ereppiaf aa a means of iasuraaoe 
anfl ziek dlstxlbatlcii sbaSl be made eaaaiQii* 3tiere i s a 
aeed to develof eroppiiig systesis vliloii alst at naaiimlsiiig 
prodttotloii ia good and aemal iraiafa3J. yeam aad stabllisiag 
yield $3& sulnorBaX ralafaU years* Botible evopping is aot 
eommi ia tMs re^on* le^rerthelesSf years having nearly 
700 sm rainfall «itti an extended season fatroor double 
oropi^g. Analysis of tbe past 71 years of rainfall data 
reirealed tliat there vers l@ years of good rainfall «h^ 
double oropping iras p<Mi8ible iM the eastern parts* ^ |ra-
raya double oropping vas foimd more reraneratiire than 
moong«»raya* Orop rotatioa teohni^e is also ^f»t:y aseful 
as i t iaproves the organie matter oonttnts and helps i& 
nitrogoi fixatim vhioh oould be utilised by sat^Sfuent 
oereal orop« 
In western Hajasthan 197S«*1978 vas the period of 
good rainfall* Almost all the dist^iote reoeiired 40»fO 
per cent above noimal raiUifall (App^dix I)* Eotatioa was 
experimented in f97S* In 1977 eow p^eas orop matured in 
§5 days and aoong toolc 92 days to reaoh maturity. After 
the respeotlTe harvests both the plot of sow-peas sad 
moong were harrowed* In the following yeart t978 bajra 
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vaa taktti on both th9 plots. Tb» jrield of bajxm orop 
vas 62 per ooit higher on rotatim vlth oovpeM than on 
a 
rotaticQ vlth aoong efop* fhle Tividljr indioatea the 
hotter efllol«ioy of eovpeae in ijaproflng toil nitrog«« 
Zgtple&fliitatl.oQ of laproreA and fiall paolsage of 
praetieea go a Xmg v&f in erop profiuotlTity* £xperl«koe 
ahovs that in years of good rainfldl vlth foil package of 
InproTed praotieee the prodootivitr gaine were of the 
order of 100-300 per eent of the nozmal gain? A eonpariaon 
of yields of dlffermt crops obtained vlth and elthout 
ittproted technology is presented in the Vahle* 2X?» 
In vestem Eajastha&t as the groving season is 
limited i t is adiraatageous to go in for early soidng* 
Bariy sowing has an edge over late sowing from the point 
of "View of better crop stand establlsh»«itf early seedling 
'vigoar» bett^ use of available nutrioits and moisture* 
8 SiniB i^ 3«D, and TadaVt H,S«, ^ I^ntegration of 
HanagaaMt Xecanology into Water 
fi^unresting for Haziiisiag Water Use in 
CA2EI, 197S* p»146« 
Singh, R,P«, "Dry Earning ^eobnologies for North*. 
Westem Arid Zone of India"» Paper nreaented 
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XilBLB 2X7 
Coapar&tlTe &rala Held of Crops 
Crops SraditlQasI FraeUoes ZaproTsa Praotloss 
AYsrage Tisld o/lia Avsrsgs Held q/h& 
<?^¥m^ 
Pearl i&illet 
SorgliaB 
flalse 
PITLSBS^ 
Mooag-bean 
Cluster-bean 
Covpeas 
^nnm^ 
SesaatBB 
Orou&dnut 
Castor-bean 
5 • 9 
4 * 6 
6 « 7 
3 • 4 
4 - 5 
4 •• 5 
2 - 3 
3 - 5 
4 - 5 
21.8 
42.7 
19.5 
tt«9 
9.4 
0.4 
6.0 
t4.0 
!2.8 
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Tbut spacing and geometry of planting nakea a 
signi£l(^nt difference in vater use efficlMioy of tlie crops. 
Sbe experimtnts eondaoted in 1977 and 1978 choired that 
PoabXe Eov planting geometry had a lesser leaf area index 
than Eegular Rov planting* She doable rov systeD maintained 
a mild erop canopy aieroclioate. Xt suppressed veeds by 
50*72 per omt in different crops and conserved both 
nutrients and oYapotranspiration* Double rov system 
recorded better root grovth vhieih strengthened the plant»* 
She moisture conserved in this system supported the bajra 
crop in i t s oritioal period of ear emergence end grain 
fi l l ing, As a result the bajra yield lae 16 pmp cent 
b lehr than In regcOar r<» . ^ - 1 ° Th. l i>er«. . . ho , . , . r . 
does not involve eny additional cost, 
£ei double rov planting geometry under onveeded 
plots the yield of bajra decreased by 35 por cent* While in 
regular rov plantings the unveeded plots registered the 
yield reduction by 51 por cent!* Shis ehovs once again 
that double rov system i s in a better position to suppress 
the veeds* Similar results vere obtained in ease of eovpeas 
and moong crops* 
10 8in#» 8.X>* and Tadavy M*S*| op* oit*> 1978f p*145* 
11 ibid*> p«144* 
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Balk of th» Clipping ia ve0t«m Ba|a««haa ie 
ocBMin9& to the kharif season, Slis ratny eeasoa is 
eliaraoterleea idth (a) early or noxmal rainf&ll (b) long 
dry Intervale t& raise (o) deleyefi onset of moneooa 
(d) early stoppage of ralos (e) extro&ely delayed cmset 
of rains and (f) exceptioiially good rainfill season* She 
oropping patten is largely governed by the above mentioned 
rainfall eonditions* 
(a) In sitaatioQ of early or aomal rainfall the oropping 
pattern shove the preferenee to eoreals saoh as pear3i&illet» 
sorghum, maiee and the like, be< a^se these have a loiger 
erop stand i^eh ean be supported by a nomal lengthy 
x^ siny seasoii* 
(b) Xn ease of l itt le delay and long dry intervals in 
rains the cropping pattern viU justifiably inelade the 
oilseeds like castor, t i l and smflover because these orops 
have a strong end deeper root systm to mdure the vagaries 
of weather* Hovever, eerealB like bajra ean be raiaed in 
nurseries and can be transplanted after the recovery, but 
moth and guar proved advantageous over bajra and moong 
because of lover magnitude of reduction in productivity* 
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(o) ^hm tJbe rains &P9 eoaeiderabljr d«lejr«dt -^t groviiig 
eeasm Is rcndsred email> onA aelthsr oersals nov oilassdfi 
can fulfil their water need* 3)lie ehoiee la iiieidta1>3l^  to 
short duxattoa pulses lllss moongt oluster bss&Sy soth 
ead Gowpeas* 
(a) S3ie situation of early reoeesatioa of rains i s aost 
oonfotmaing to the fazmer beoaose he has already soim hie 
crop in antieipatiOB of noxmal season. The oeily alternatiTe 
left vith him i s secondary aanagemwt sut^ as thinning out 
the oropf sorghom and maiee may he harvested earlier as 
fodder. Jotar end bajara can he oat ^t before the flovering 
or early grainfLlllng* She stalk may be used as green 
fodder* 
(e) In case of extremely delayed meet of rains the 
Ichar^ f orop shall be dropped altogether and rabi soving 
oan be adimneed idth the oultiTatiai of safflover, grsa and 
mustard* 
(f) In 6Zoeptional!ly good year of rainfall vith wk extended 
season, doable cropping can be enyisaged. After an early 
kharif cropping a rab^ erop can be repeated* Berst one 
should not loose eigbt of the fact that an exeepUonally 
good year of rainfall i s almost in^rariably follovsd h^ a 
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yoar of droiagbt. ThetetorGt iasttaa of hftiriiig a poor 
soocnd oTop of ya^, texmvra eaa koep t!ie lend filXov 
after kimrif and oonotrva moiatiira to «Mmr« eenldLngmt 
orop ia the drought iroar« 
!i!rlali of a graat v^ariatisr of oroppiag airatemB 
hava l^ een imdortakm uador arid coaditiGiiB of o^dhpi&r at 
the Caitra3. Arid Sone Eeaearc^ Institute fans for mmy 
years mder 1^ Ali India Coordinated Besearoh Projeet, 
Single orop and toter^orop trials vere made in Xess 
rainfaii years and noma! rainfall years. In iess rainfall 
years experlBente on pearlmillet» elvteter heans> moong beans 
and castor beans irere oonduoted in a single eropping systsa. 
0rain yields vere 2f»9t 9«8i 9*8 and 6«0 <}/ha respeotlTely 
Whilef in the inter oropping of eastor t nimg beans* eastor t 
oovpeat eastor -¥ eluster beans md caster • mo^ beans the 
fodder legtmes offered less oa&petition to the prlnoipal 
erop oaston Covpea being short dnration of 60 days offered 
less coapetition to eastor« Mong the ooapanion erops 
mocaig beans gs'fs highest yield mid Both beans gaire lowest 
yield* Covpea gave ^le highest yield of green foddsr* 
Castor •^ mocng ooeibinatii» proved to be most rtauneratife* 
12 Sin#i, K«C» and Sanlay* H.S»| "Interoropping 
of Annual Orain and Fodder Iiegames in Castor**! 
Annna?. Repprt> 0A2EI, 197e» p. 178, 
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Castor i s th# B08t drou^t i^esistant erop by irlr^« of 
i t e deoper root 0yet«a« Z&teroropplng of aalso and castor 
In alteniats roirs i s wry remuneratlYs* Intsreropping 
ocabinatlo& Uke simflovi^r and soong i s also rsvardiag in 
vestsai Rajasthan, fertillesr use plays an important rola 
in the results of intereropping* Shis is evident fron the 
experiaent on intercropping of eunfXover with legtSBes like 
moong and ooepeas* Intercropping idth fertiliser resulted 
into reduotioa of seed yield of sunflower but the total 
produeti-vity increased two folds oTsr cropping sunflower 
vithout fertiliser, 
She findings of the cropping systems rereal thatt 
( i ) castor beans and guar beans were found to be sore 
stable than bajra and moong, ( i i ) In ease of double 
cropping only raya folloiiing bajra vas found renunera'^ we 
on dryland and ( i i i ) !?rans*-plQnting of three weeks old 
bajra seedlings resYilted in 30 per e«nt increase in grain 
yield over direct sowing* 
Ao a matter of strategy» crops in the dry farming 
areas should be planted for their ability to surfiwe 
atcBospheric and soil drought rather than for hi |^ yield 
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and prodttotl'vitjr! ^  flie aodem cimeept of ewp planaing 
i@ to aeke the oropplng otrategr fXezitele* fho ocnildexmtioii 
of local ooadlti<m9 vMeli 4o varjr from region to region 
i s iiBportatit in developing drr fazming etrategies* l»ooal 
experimentfi m& experienoee are tiie beet gaidee in evoli^ ing 
teolsilQaes* 
mmm 
13 Sing^t H*P«t "Crope snd Yarietlm for 
Dry Land 4grioaltttre**t ge^a^eal 
Bulletin. C&2EI» So#1| !976f p*9* 
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It 10 ft cmmm kiiovl«dg« that a gondt d»al of 
B%mSm aowtk ixt &ef fmmiMg areas of tfeetezn Ea|aa^ i^sa» 
aepa^aHsr m, ea3.t siertuitad eollSt £*^^ ^9 gmndmate iato 
aaedltags altliar liaeauaa of the hard aeaa<»eoat or heoaiiea 
of tilt loir sioiattura mA test eae^SJOLg oat ot tlia alialloir 
iayar of tlia aell. She vaatage of aeeda i^aiilte la thinaiiif 
oat 'tiie ^op stand aad oQUBoqiiiiit redootion in jrlelda per 
tanlt ax^ a* Ihe procaaa of Tenia3i.^tio& Fedueea Gonaldotw. 
aM^ the tiae neeesaaxy for xipeaiag of eropo^ It iziToXirea 
the treatlBg of seeds so that at the time thej are somt a 
part of their ^»cmiaatl«ii is already ooapleted uader the 
ideal isiiriroiimeat» and ^er are eapahle of gemijmtizig 
quiekljf* She proeess of TemaUeaMm is as foUovs* !^e 
deeds are first of all oleaaed and soaked in eater to 
inoreaee their Hater eoBteat, 23im they are kept at rooa 
tenperatore for ahoat 24 hours* She time of proeessing 
•aries sith iadi'vidual irarleMes* Shis proeess leads to 
the developtftoit of kernel iiithiii the seed* la the s^ked 
seeds geiffiiaaticn of seeds tokes plaoe in sa iitproYed and 
s^«ag metaholisa* the growth ^ele of the er^p i s hastened 
hy tenialiiatiaEi and the crop ean aitigate ia sone measiire 
the hasards of drought* 
As jrety not wmdi headway has heaa made ia veraalisati^ 
hut vith persistent ezperiiittits under imried stem sairiroaaiiats 
227 
i t i s U k ^ to 08tal»U»h i ts credeatia2» as mt of tl» 
moat Ijaportaiit teolaeiiQuaa in &ry iiiBlJig« fbo aarliaat 
tslals of •asnaMsaUon in Zadla vera aada m isuetard in 
I939f mainly Deeasiea of its o^opoUtaa iMiMts and 
0QBi|>&]?ati^ 2jr aliort Ufa c^olef flia rasuite of tiia ^raatad 
aaade in ooEopafleofi to natr^ted aaeda wara maprlBiXkgk^ 
auooesafai* !l9ie typieal aiffer«B6a in mrl^ floirariiig 
l»6t«am treated md mitr^ted suatard aaeda liaa aora tliaa 
a treak? It ia eeflu that vaznaHead fianta liava pfaatic»Uf 
fliiialiad flovaHngf vharcaa pXssita froia untraated aaeda 
are barely elionliig flovar^ buda* Slia degree of reaponaa 
to 'refaaUealKm «aa fotmd fBrsring ia different regime of 
western Hajaa^ haa not enir ^tti different irariatiea of a 
orop pJUat, Inat also vith the eoaditiona preTaiiiag after 
?eraaiication has achieved two diatinot advan i^gea 
for drs^  faxffiingt lirstf an earlier orop ia harvested* andt 
seoondl^ f i t haa «nahled the eoltiiration of 8o»e of the 
varietiee iMeh oould not otherviae be euoeeaafttl in a 
2 Sen* Bmm "tTemalisition*'* Indiest^ Ji^ iilaiE* 
voi*Zf Ho*2f i940f pp«79«'$9« 
3 ibld*# t940» ppt55-59. 
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a Uaited irat«r aYallabilitsr dtason* f l o i ^ frtm vvziialiBed 
eetdfi maaiag* to proaaee fXoimrs •airlltr ^^ lan p2.aiits frota 
tmtreated 8«td0» Sliey also f3.ov«r and tr«iit vlwi and vhara 
un^ roataA •aids tall to do 90» 3li« t&teraat of iSSm 
dTylaad temstr Has la tlia foeellila aarlir liairv^t Aroa 
iramaliaed aaada* 
@iiioa 1970*8 eonoorted axparimaata )mw« ^«a 
oondiiotad on aavaral. r^opa ia tha Ctntral Arid Zm* Raaaaroli 
Xoatitata, iTodlipur* £ha pliilc^oplisr of tropl^il T6»ialii»itioa 
i s to taat i t nore m %h» oropa vMoli tia'va a Imgmt 
gexisiiiatioa pariod* flis eersala and pulaas hare a abort 
gexmiaatim pofiod of al>oat 2 to 3 da^ iMXa oiisaads aai^ 
as ^«tori saffiovar and sunflovar imre a longer gtimiaaticn 
period of about a veak« ftierafore affeotlirttiees of 
•emaXisatloii i s of great value ca these orops. 
An in'rastigatiQii involving tvo pre^oning seed 
treal&ints and four seeding d^ths was oanled out on 
sunflover and safflovers doting f972»73f at Jodbpnr* 
Sunflotier i s a Sharif emp aad also ool^vated in yM# 
while safflower is grow only in the rahi ssMion* In 
sunflover the oil jrield is 40*4? per o«nt and in safflover 
the oil yield is ahoat 33 P9T oeeit. iMevei and poor erop 
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eta&d esta^liatettit l» a coamon feator* on dx7Xands of 
vestam fiajaetlian. fhlo i0 aor« BO la the aenta aoareity 
areas of Bazmert Bikanert Oaoagana^ r and Jaiaalaw* fh« 
pro-am beeoBtea a l l tha atora aaata vlian aaada with Itard 
aaad coata aara eovn in eaady to aaiidy loan aoila ebaraetaiN* 
lead Iqr fast dxTlng of tlia aurfaoa dua to indaaad avapozfttloa 
and pareolatitm* Cropa Ulca aimflovar* raault la poor 
^iald on thia aeooimt* aaaulta Indioatad that Irraapaetlira 
of tha aaedlag daptba» aoalcad aaada of aimflovar had 
hl^ar values of aieaii ^^ffloient of Taloel^ of anarga&aa 
than tha tiasoal-:ad aaeda, $ha aaad jrlald of atmflovar vaa 
not s i^ f laaat ly influaaoad 1^ saading daptha. Soaked 
eaada raaaltad in 16 p«r eeot hl^^ar yield over the 
tmeoaked aaada. Bovav«r» in oaae of aaffloifaf«« tha aaading 
deptha and tha pra-isoaiiig eeed treatmanta influanaed the 
seed yield oomparatlYely leaa, fhle may ha haaauae aafflovar 
la grom aa a rfubi erep* 
Field experifflant on aunflover and aaffloaw with 
seeding deptha of 9 QBI 5 o&i» 7 est mA 9 cm and tvo pre* 
soiling aeed treatoienta in «ater for 24 hours before aoving 
Batilaar« H,S*y Ahnjat C,P« and Sin^t R«)P»i 
"Stmdiea on ^ e Seeding Dep i^a and Fre*>aoving 
Seed freatnenta on the Seedling Eaergenoe of 
Sunflowra'*, #fiftlff 9t mi gffffig* m.XIII , 
Bo,3t 1974, pp,251-236« 
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96ro catined cmt in sioro plots m ^« sa&djr lona •o&Xs 
ot o^dbpo]?* la oaso ot siaiflovtirs simked SSOSB «heir»d 
tmtmt tnf df eetCUsig mejtgme9 tfwwt tht wi»0ftto4 »««dd 
at aXX d«9t!ui. In eafHover tbe adiraatagt of usiag soaked 
•Md n . , lu>..^T. r..toletc4 to 3 « « 5 « d^th.! Ih. 
mean eosf^^ents of v«lo«i% of sssdliag ssorgsaos at all 
depths sialES the response of •emfilleatloii ahnadsatly oXear 
ia Sable 17, 
Keaa Coeffleleat of ?eloolt|' of Seedling Eaergioee 
Seeding depths ,, ,„„ Pml^ ^^ ffff , , , SftfU'gffr „„ „ 
' ^ ' Soaked I%i6«mked Soaked Qasoaked 
3 t3*3 I2»9 16*2 f5,0 
5 15*9 15.0 f4»5 13»8 
? 12.7 12.5 1t.9 12.2 
9 l l . t 11,4 11.1 11.5 
Sla#» B«P, and yile^» B.B,, <*£ffeGt of Seeding 
Depths and Pre^soelng Seed Sreataents on 
the Seedling Ikergmee of Simfloveirs aid 
Safflowws**, Mi$JiSS^MJtmS&** fol,XIX, 
Il0t2» l9T4f pp»125-12§. 
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la ooeiparatlTe toxmB« the reaptme® of Temalisatloii 
in etmfXovsr vat bluest at 5 cs& depth and that of safflover 
the hi£^eet reeponee vas at 5 cm depth* 
Jn ewiflover "^ e eeed yield wem %B2 q/ha in soaked 
seeds as ageinet 3*25 <|/ha in uasoaked seeds* Hovever, in 
safflover the seed yield vao upto, 6*73 g/ha in soaked 
seeds against 6*26 q/ha in uasoaked seeds* She highsr ssed 
yield obtained only at 3 cm seed depth ooold be attilbnted 
to faster flserginoe of seedlings as etidenoed by hig^r 
values of eoeffieient of veloeity of eaergcnee of 16*2 i s 
the soaked against 13*8 in unsoaked* 
In another ezpeximont, to overooae the probleQ of 
erratio erop standg the effeots of varying seed depths of 
5 Gi&» 10 ea» 15 on and 20 m and pre*eo«lng seed treatments 
of the seedling tmergoioe of Castor • Aruna vere recorded 
under oonditiais of nomal and late soving* soaked seedst 
24 hours in sater« sona at shallover depths of 5 and !0 osi 
7 
resulted sigaifieantly in early seedling aaerginoe* 
Saulayt n,S* and Singh« R*P*t *£ffeot of eeed 
S'reatQflDts and Seeding Depths on Crop 
Otand Establisbment and tield of Sunflower 
flottt 19Qt» pp*35-401 
]3aulayt H*S* and Sing^t E«C*t "Studies m the 
Effects of Seeding Depths and Fre«so«ing 
Seed SreatBi«ELts on the Seedling Bmergenee 
of Caetor-Aruaa", Annual Report* 04^1 ^  
JodhpuTf !975t p«225l 
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AXthou^ soalMd oveas etna at greattr depths 9IM0 £»•• 
•arXjr seedUng «eitrgine« Init tb0 time ot eonplttiflfi of 
g«fBiiaaticii «a« eane as ia uasoalcad eeeda* Tim advantage 
of awiked seeds me evidcit by hlgiier values of meea 
eoeffleifltvt of velocity of seedling eBergaoee la al l the 
eeedlag depths. 
Results of the studies eairled out on pre-^ovlAg 
seed treatsoits revealed that soaking of seeds of 
BUttflo«ers» safflowers and eastor in water for 24 hours 
before soving resulted in early seedling energenee and a 
good orop stsnd* Slore than 60 per ecnt seedling «ierg«i9e 
was obtained in tvo days of InitiatiQa of emergvuoe in the 
ease of soaked seeds sow at 3 and S on depth in sunflover 
end safflover and 9 to 10 en depth in case of oastor* For 
sunflo^r and saffloirer the optiaua seeding depth vas 
found to be 5 era and for eastor the opUmrm seed depth was 
found to be 15 ca because castor in eoaparisai has hard 
seed coat and reqairee lover depths vhere soi l aoisture 
status i s better to eoftoti i t s hard seed coat* 
6 ibid*, ni3t P«22S* 
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An ittvaloabl* aehl«T«i«it of ••nalintlQKi !• 
tbftt i t eaabltt tlui optimlsaUon of tved nttts in thm 
fi«ia by ^ii0ia«Tably r«dadUig th» »«td vmstagt ia tht 
ftmrovB, Shi* viXl eertainly imw DiTOorabl* efftot on ^ e 
eost 1>«n«fit mtios of th« evopt* Afttr Motr^daiag th« 
field eapaoitjr or mter aimiXAbilityt th« optinuB d««ity 
of tho erop osa b« voricod oat* A* th« nisBbor of goxninatioiie 
and seedling e&erg«iee ia inoreaeed in rexnali cation t the 
peroeatage of eeede rimaining uagenBiaated i s decreased. 
S^ e seed rate in the field eaa be optimally reduoed* ShiSt 
howsYert will, irary flroa variety to varie^ sr vithin a orop« 
fhe optlaal ssed rates have been worked oat dep«nding on 
the yield end eoil moietare statos in different regions of 
vestexn Bajastium froa vest to east* 
Teznalisation redaoes the seed rate of the oilseeds 
saeh as oastort sonflover end safflover by 17*20 per eent» 
vhioh is a great dividend to the inpat«*oatpat ratie in the 
soareil^ areas* 
Altitooi^ veznalisation hss no direot cooneotian 
vith the methods of selective breeding» the tvo teohniqaes 
may adoirablj supplmnt each other* Short^daration varieties 
have been vry sueeessfta in dzy faxming areas sad i f they 
are suooessfally treated by vexnalisation the prospects of 
early snd stable yields become brighter* 
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usm xvx 
Optimal 3oed Bates in ?emalisatlaii (West to Sast) 
Crop Soakod Stsds ISiSoalctd sood 
kg/ha kg/ha 
Bajxa (Femiltatuai typlioldae) 
avmae (CyaBOpala tttragonoloba) 
Moth (Tigna aettHtlfoXia) 
Sooag (Vi0[ia radiate) 
Ray-Bustard (Brassioa juneea) 
SiX-ssssas (Ssasatraa indietan) 
Castor (Rioiaus ecnntiiiis) 
Saff343vsr (Carthaaus tinotorius) 
SimfXovsr (EiliaatlKus annus) 
3 - 4 
9 - t2 
8 «. to 
9 - 1 2 
3 - 4 
3 - 4 
9 - t2 
9 - 1 2 
11 - 15 
4 - 5 
12 - 15 
10 - 12 
1 2 - 15 
5 - 6 
4 - 5 
12 - 15 
12 - 15) 
1 3 - 18 
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OB&PXEB X 
BRY FAMIHS VEBSUS BBOUOHT 
X^ongbt i s tb« d«8l^ Lay of dry Iteming in v«it«m 
Rajasthan* Shore i e no part in tha ragion vhioh i e apared 
of drought susoeptihiUtjr* Khan drooght ooaca, aa i t oft«i 
does I i t mTalops niXlions in dia tress and l ^ T t s a long 
t ra i l of miasrjr behind. Hovever, diatresc reigns suprine 
in severe drou^ts* Sroo^t in i t s vazTing intinsitjr end 
duration i s on annual feature in one or ^ e other part of 
the region; Xn vestsm Ea^than tvo main kinds of drought 
ooour» namely» 
(a) She aeastxaal droughts in well defined rainy and dry 
aeasons • 
(h) ^Bm contingent droui^ts resultlag from irregular and 
vax^ahle rainfall* 
She oontingent drou^its are most treaoherous in 
•iew of their great intensity and er i t leal times of ineideaee» 
•nmaohalaap B«t "She Problem of Brou^itst Vhat Can 
the Geographer dof% fTffgffWfiJ 9 | W.lftiUft 
Sirupatit 1979t pPf61-»6e, 
'.JTMWTW'f^*'^: 
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l,««t idi«Q th«r« is aaximoa n««4 for water. Aridity Index 
or emrerB9iX^ tbe Holstore Index le a vezy ocnTenleat 
parameter for etadylag the varlooe aspeots of droa^te* 
Peroe&tage departoree of these ladloee frca the nedlaa valae 
help eategoxise the drooghts of dlfferttt l&tenelty? She 
duration of a droo^it apell ie at laportent as Ita mtteielty 
beoaoee none of then aXcne detmnlnee the aXtlaate effeot 
of «ater ehorta^e* fUld drooa t^e of a prolonged dnratlcn 
are euppoeed to have their orlppUng effects then aevere 
drou^te of short duration? It Is Impor^nt to take note of 
irater deflelenoy deviations rather ttian rainfall departures 
heoaase the absolate water deflolt by Itself has Uttle 
meaning. She nolstore deflelmoy during the orltleal 
grotdng period of erop Hill hate more detrastatlag effeot 
then mere ralafali Insuffleleney* A prolonged drou#t 
onuses hydrologloaX labalanoe. Besides the duration of rain-
less daySi the magnitude of drought also depmads upon the 
intensity of dry winds. Drought oondltlons oeeur iriMnever 
Suhrahmsnyesy ?«P. and Hesaa HaXlnlt B»t 
"Pelialtatlon of Droui^ t «• Prone Areas 
a?eeteiques and Methodology", gyo^ff^gf 9I 
o^ indi^« Sirapatly I979t pp«?i"»*o» 
Beddy, If.B.E. Old aiaghi T.E.. "BellmltatlOB of 
Brouf^ t Prone Areas of India « A Geographloal Approaeh% n9^fmm 9tmmm,Mmmm 
pffl.Prpw?^|.ffmr 4rff»ff 9ijmib 3!irupati» 
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th9 80ttt]»M8t mmooon io deS^ed in arrtfal or idL^ liArftvs 
•8rl7 in th« ieasoa or oeoors litli intwmitttnt drjr spoils* 
On an SVTB^ vosttzn Rajasthaa hao loso than 20 rainy 
Ae^B in OTor 80 dayo of rainy poriod* Oonsidorablo VBXimtlmo 
prevail in the noiataro regiffio dao to yaarly Tarlabilllgr 
in rainfall. Jodhpurt for exaaplOy rooordod tha Idghoat 
rainfall of 1178 mm in 1917 follovad by tlia lovoat of only 
38 OB in 1918 against an average annoal rainfall of ?68 an. 
f!he eoeffieimt of variation in the flamaal rainfall ia at 
a mazSjaoB of 66«2 per eent at ^alaalaer in tlie west and the 
aininom of 56*6 per o«it at ^^ najhonu in the north east* 
She ooeffidLent of variatiott of stoietnre index^ deereaees 
vlth deoreaee in nolatore indesE indioating that regions of 
low BOiStore inde^ more often than not will 
ejcperienoe stahle olimatlo oondltions and regions of high 
soietare index «il l experioioe flnotuatlons in olimatio 
pattern (H.g»23)* 0& the basis of following moietore index 
the iBoiuture r^iste has been olassiiied as extremely dry, 
dry and partly dry corresponding to extrotely arid* arid 
and sesi-arld eonditions* 
Baaakrlshna, 7«S« and Sastrif A»S.E,A«S«» 
"Btudies on the Inoidcnoe of Droughts over 
uestexn Ralasthan", |T |^,,fiefffi, ^ym 9t 
ifijUa* ^980, Vol.XXVI, Ho^l, pp,44-49^ 
238 
/ 1 
t n 
DECADAL CO-EFFICIENT VARIATION / ' 
ARIDITY INDICES / <^-
WESTERN RAJASTHAN 
:0-EFFIC1ENl 
IIDITY INDICE 
1901—1981 - ^ ^ - . 
.<^-T^ 
^2^ / ,. V.-^v.eL-l^ id -
. - " • y - ^ i 
^ 
t zr^ J' / u. 
^^—^ 
^ ^ - v - ^ 
!*z5 
=' !^=^ 
^ 
N - -
-^ : i ^ 
- ^ 
ir-c 
-i? 
„^___ ,^,^  
7f 
f*" 
•\:7 
^ 
r? 
40 0 40 80 120 
I I I I I I 
KILOMETRES 
INDEX 
HIGH 
MEDIUM 
LOW 
SOURCE: BASED ON DROUGHTS IN WESTERN 
, RAJASTHAN, DIVISIONAL TECHNICAL 
REPORT l / a j C A Z R I JODHPUR , 
R A J A S T H A N , P.6. 
FIG- 23 
239 
"Koifitai^ Zadtx** J^ * has tmva davuloped by fliofiithii«lt« 
(1948) to qjomtif^ moi8tUir« r«gli&«. 
Aaatt63. iater Sttrplus « Aimual ¥at«r IJefloit 
X t t a t « « i i i i Ill iiMiH . . I I I . .11.111..I .iii.irii.« I.II..III. • i i i i i i I... 
Annual ¥at«r ]i««d (PB) 
*»53«5 to • 66«6 Fartly d«y 
-.66tt to m 80,0 BPy 
•»80*! or less £xtr@Eaeljr ds^ r 
Adefdato «std aeetirate i>«re«ptioi!i of drought haiand 
in dry faimiag I0 •xtrflaaXy impor^at* ET«n in th« years 
of rtXaUTaly good rainfall in theaa areas tlie ei^tlal 
yariation and p^>iodle deiriatlQa are iiartod vith aoareltir 
eonditlcma* I t haa been nor&ed out ^lat in nearly 66 per oeat 
of Hie yeire in ireetem fiajaetlian tbe mean groidng period 
during aonaooi a^iam vaa Imrdly It veeksf If the famer 
fails to keep the timings of sowing his erops to this limited 
growing seasfm he ooses under t3a» grip of agricrultural 
drouglit* 
Erishnant A* t *>S<»e Aspeots of Vat«r Hanagem«it 
for Crop froduetlon in the Arid and 3eai«> 
arid Zme of India", Anaals_of Arid zone, 
^odhpur, So»0, f970, pp. 1*17, 
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mm mi^ mm^^ Q? mvm 
Inaia Met«orologleaX Se|»rtQi«it lias elA09ifl«a 
arfm#ts Into two mkt%eotimm Brcmi^ t i« a eiluatioii 
oeOYizTiiig Iji mf ares vhtre the asaual mintiOJ. deflelt 
le 21? f tr G«it 01* more* 
(i) mm reixkt^l deficit ie IbettrteB 3 to f0 per emt 
i t ie aoderate drou i^t* 
( i i ) Mdt wiieii ratnl^X aeflolt is above 50 per cmt i t 
ie severe drou^t« 
Where m the above scale ^ per emt of tlie ireare 
have aa^ ttght ther are oi^eiderea 'drought areas* aad vhere 
drought oeeoro sore than 40 per emt of the yeare i t ia 
aoa.ta«.a .eh„«ic aro»*t a « « . f 
Similarly, latimal Coismieaion on Agriotilture hae 
put three eoooeptuaX oategoriee of drought, 
( i ) MeteorologioaX droui^tt It ia a eituatim iHien there 
ie a eignifloint (sore than 25 p^tp o«it) deereaae of 
y$AnttkXX from t ^ nonsai value over aa area* 
Sewari# &•£•« "Peroeptioii of Brought Baeard 
Among the People of l^ rought ?r<me ilreae 
of India - A Case 8tttdy'*,gpp9ei^ m 
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( i i ) ^d]«logleal airoti#ts It is a •itofttloa i^ «ii 
a©t«orol06ical «W)ii#t is proX«g©«, »«i»ltittg iato 
a markta daplatim of surHaet vate]* and eonaaquint 
faSJl in M^t^ nsid vataif iarax* 
( i i i ) 4iii.®il.tazal droui^ti It oeamra itli«i aoil aoiatiira 
ttiA vaiai&ll ara iaadaqaata in tba groaiiig SMaim 
to support haalt^ ofop grov^ and oauaa ai^p atraaa 
aad alltiag, 
m %hm foXioviiMs tabla ^m parotntaga p70te%ili1^«i 
of ooounnraot of agrieoX-foura}. droo^ta aro giiraa in f8hl% X71X* 
Deiovladga of ^la fra^wsosr of oaouiTiaoa of 
drooglitf of t&f^ MAg intsnsities i s of ftodaasataX iaportaaoa 
in idoatii^riiig tha suitalbla orop ragima« BaaidsSi tha 
infoxmation tliat oas foratalX tha pariod dsuriiig vhiidi tho 
orop ia vttlaara'bXa to droiig t^ dapsadiag u^m tim tisa of 
aoifiiig ia aXso of graat liaXp in avoXirliig taOIiiioXogjr that 
oan sitigata and tama tlia diviai^t iiit«i8i^ to soma axt«it« 
&& snaXjrsia of drou^ts of diffaraat intmaitiaa fron 
1901»198t liaa l^ aan stiown IA Fig«a4» It ahova tl&at ia tho 
vaatsiA l»ait of Ba»ar, Bi^asFp ^aa^magar and JaisaXaar 
tha positioa of Bamar is Xaast daronght prona* fiaisar 2i8S 
tha Mi^ast atssl^r of drou^it l^ oa yaairs ia tliia baXt and 
i t lias aXao tlui Xoiraet aiaboir of yaars ia Wm oatagoz^ of 
OCCURRENCE OF DROUGHTS 
1901-1981 
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BARMER BIKANER 
19C ) 6 - l 3 { n | l 
DROUGHT FREE 
I I } I MODERATE 
I I I I LARGE 
\-\-\-\ SEVERE 
DISASTROUS 
1926-1981 
CHURU GANGANAGAR 
FIG.24 
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OCCURRENCE OF DROUGHTS 
1901-1981 
JAISALMER JALOR 
DROUGHT FREE 
I I ] I MODERATE 
m i LARGE 
SEVERE 
1901-1976 
DISASTROUS 
JHUNJHUNU JODHPUR 
FIG.24 
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OCCURRENCE OF DROUGHTS 
1901-1981 
NAGAUR PAL! 
m 
T T 
JLi 
DROUGHT FREE 
MODERATE 
LARGE 
|-f-H SEVERE 
DISASTROUS 
SIKER 
FIG.24 
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XG3fe» droug2it&* In tli« mmtem l>*lt 9f Jhmjhmtt» Sllair» 
?aU and JaXoye tii« potiticsi of Jlma j^ imu is rtXaUTtXy 
Q(»fOytabX«* It bafl th* highest &isih«r of drott^t t v 
smam i& tht holt and lovsot nuiBhsr of ytsrs in tht oitsgoy^ 
of largs drou^ts« Siaiiiaaplyt in ths oa&trai rsgicn of 
Churtt> o^dhpuf and lagsor ths position of Hag&ur is Issst 
drcmght prme« ir&^ aur has ths hi#isst awher of dfoaght 
frss ysafs ia ths vho3;s of v^tsm Eajasthaa and ths nmhsr 
of laodsrsts droti^^ is tOso lovsst in this distriot. 
A sehoie m elsssilioatiQii of ai^ euX^surai drou^ts was 
ds^lopsd hassd m AB/PB ^olttss dailag ths groviag ssasoa 
for two sajor dx^ rlaad orops of vsstsm Bajasthaii» vis»» 
psarX Qiliet sad ^ y | f polsss? fhs siaiaiffli rs^irsd vaiuss 
of AB/PE hsYS higher ^miues for iiharif poXsss* idth a 
aatoril^ period of 69»70 days than ths pearl Milst vith 
a aatoritsr period of 90*100 dajrs. It should hs home ia 
miMA that the sffeetiTe raiay ssssoa ia vsstera fiajasthaa 
i s r^tnoted to ahoat 6? days fros Xst JoXy to Sth Septtahsr* 
fhis indicates that ^ioii#i fehsrif paXses are of short dura^m 
aad are grovn duriag ths aseared ralaiaXX psriodt thsy are 
Sastriy A«S*II«A,0, St aX*t "Xhroii^ ts ia 
yostsm Baiasthaa*>9 BJilsici^Jl Ts^ haij 
Rsportt. I^yisiflti of. Wi ' 
-. .,__^^j^__^ ,p ci""ZRIf JodhpUTf If I 
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Store sufieeptible to drought than p«arl i8lIlot» in OMO 
vator 0tro88 oooars auring tho groviag toaton* Sh* airtrsg* 
grovliig •••soa of po&rX &iXItt orop 10 about 14 vooka, 
From thiB aaalyaiat I t i s fouad out that Idiyp f^ polata are 
IS ore 8U0oeptlh3.e to drou^t ooMpared to pearl mlXXet ia 
this regloD. Bovrrer» pearl millet too auffers froa 
droughte often resultiiig in reduced yieldet 
mziag maay yeara drought eoaditima vere experliaoed 
in some porta of veatera Hajaathaa or the other* While ia 
aoi&e yeare the vhole of veatera Bajaathaa ezperieaoed 
drought eonditiana of vuqrlag iatmaitiee* To project tiie 
pattern of drought apread in veatexa Bajaathaa two eaaea 
pertaining to extraceljr drou^^t ooaditions ha've htm 
aeleotedi one duriag the earl^ part of the oeatury, ia 1918f 
and QEaother in the later half of the oentursr in 1963* Tb» 
aame pattern of drou«^t incideaee vaa ohaerred during the 
years 1969, 1979> 1980 and also during 1931» vhioh reveals 
a ayatosatio pattern of the origin of droughty ita apread 
and decay ia vestezn Rajas thaa. 
8 Sastrif A,S«B*A*&« aadlfalakari A,E,» "Clinatologioal 
Analysis of Proug t^ OTSr Horthwest Xadia ]}uriag the tear 1979'*f Mausan* Vol.XXXXIt 
Ho.3, 1981t pp.259«2e2. 
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Annual aridity ind«x or annual Boi8tour« indax ie 
mieltading in vlsualiaing dry faamin^ prohlma b«eatts« dry 
faxmi&g i0 praotiot of only vatar availaMlity pariod. ^ a 
hot, dx^ r eaasoii axaggeratea tha px«blii&* Iha problaa with 
tha drottf^t of veatazn Rajasthan ie tbat no aaouat of 
study and analyaia^ on tha baaia of avaraga, laada to any 
satisfaotozy ganaraliaatim or aodal* fh» approaoh of 
mittiaum risk and mailmiai cautiai in crop planning ia tlia 
only reasonable way, Conputation of droufi^ t ayarage does 
not help in arri'ving at any speoifio end meaningful 
generalisation* Shis ia , obviouslyt because drou^t of 
every year and every place i s distinot in i t s eharaoteristies* 
Hovevert an analysis of the oeourrenoe of delayed 
onset of BOQSoon and the early reoessico of rains indioates 
that the early and abrupt reoeseion of aoneoon i s much 
less fsrequent than the phenomenon of delayed onset of 
amsoon* Shii8» i t can be reasonably oonoluded that 
probability and severity of drou^ti late in ^ e season i s 
muoh less than in the early part of the summer monsoon 
season* 
WAW mimiun mim 
study of the water availability periods can be of 
some oonsetuenoe in oombating drought and pursuing orop 
planning (Fig*25)* 
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fhn oxAol dAtos Of diifftr«Bt vfttar avaiXalillltf 
pexlo^ af* l^ iran la tli« Apptadlx xi i « She vatar 
a'vailabillty poiiod i» elaBalflatf on th» foHoviag fommlat 
1* mm B aaEoeedia PE« for pexloda art oaXXad Imaii* 
2» viiaii F axoaede liaXf tha P£ It i t <mXX«d tha molat 
eoadltlon* 
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3« Vhea P •zoeeas l/tOth of P£ i t la oaXl«a dzy eondltioa* 
4* Wliea F i s Xtss tiiAH !/!Oth of FB i t i t oallta wvy 
dzy oonftttion. 
Pig* 26 iliaotmteo that the natttro of groviiig 
0«aaoii vaxlat conaidaTably vithixi vaatem Ea|a8tlian« for 
ea^ ffiplOf Sikar ia tha sorthaaat and Pali in tha aottthaaat 
ar« tha oaiy diatrieta in tMa ragion to hmw a Innid 
pariod* Horaorar* tlia groving aaaaon in thaaa diatrieta 
ia aXao l«igthiaat and ttoat fiiTouxabla* Saxt to tMa ara 
Clmiu and Jtnmjteuitt ia tha north and JaloTt in tha aouth* 
Shaaa diatriota also hava a fairljr larga groviag aaaaon 
vith a raaaonahiy larga aoiat pariod* 
tha Boat oritioai conditiont hovavart ia in 
JaiaaaAar» Ganganagar and Bilcanar* Sot only tha groving 
aaaaon ia ahoitaat in thaaa diatriota bat vatar availability 
period ia alao vary vaalc* Shaaa diatriota hava only 
aubeioiat growJ^ aaaaon* In oontraat to tham tha poai^ion 
of Bamar ia fairly good in raapaet of vatar availability 
parioda inapita of ita oontigoity vith tha vaatam ffloat 
bait of Ganganagar, Bikanar and Jaiaalaar* 
Another region of moderate vater availability 
period compriaaa Jodhpor and Hagasir diatriota both of i^oh 
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WESTERN RAJASTHAN 
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hB,r% a aodtmttXy Xarg* moist ptxiod vlngod vlth sutoolst 
ptriodB* 
support tlie erop duiing t)i« dsroui^ t i f i t i s not prolcmgod? 
I t has btt«i o^pated thatt 
(1) A 100 Btt rs inf^l daring a vtek can support tho crop 
for a psriod of four vsstcs inolusivs of rainy vosk 
vith no rainfall in tho sul»8s^snt thrss vssks* 
( i i ) A 50 tta rainfall during a irsek can support the crop 
for two vseks InoluslTS of ths zainy vssk i f thsrs 
i s no xainfall during the subsequent ireek« 
( i i i ) If drought eonditimis prevail for a period of 
4 veeks or aore upto maturity stage» i t results in 
total failure of orop* 
(IT) If droui^t eonditions prevail for 2*3 vseks upto 
maturity the crop viH sustain partially* 
seiHi 
9 Sastrif A«a.R«A,So op. oit*, 1982» p*27« 
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Bie aonliig of 0Topa Is po89ibl« idth a miiiiiBam 
25 mm of xQliifiBa.3. during & «9«k» 
(a) Vltea flo«l&gi art possible dlaiiag 25tli vssk {I6»24 Jtin«)» 
•uoosssllil hatrsst can be bad onXy i& 3 out of 12 
oo<»8ioiui vith obaaote of oecarrsaos of dmmgbl baing 
9rm during tba gi^vtb and x^prodaotiira stagas of 
02tlp# 
(b) ¥b«a eoniii^ ara possible daring 26tb to 26th vask 
(^ #ana • f? ^ »l7)f suoeesafiii barrast appeaxn to bs 
poesibXa in 19 oat of 37 oooaaions* 
(o) ¥b«B sovittg is possible dating 29tb to 51 st veek 
C t6 JiQjr « 3 iugast)« the pairtial sttoeass or fsilnra 
of orop is a result of drought vhidh oooure on 16 out 
of 16 oooasions SatiMg the reprodaetiTS stage of 
orop growth* 
(d) She erop suooesa appears to be possible onljr in 5 out 
of 18 oooasions whm sovings are d^me during 29th 
end 50th ireeks (16 Ml^ ^ 29 i^il7)t ^ t e savings do 
not indicate any cbanoe of raising a suooessfni crop. 
$he average ocmditions in irestem Bajasthan indicate 
siild to noderate dr^aght conditions ezoept in JaisaJUBsr vhii^ 
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•aEp«ri«©«8 •overt drougJit eonditioao* tjtL&9T djrougfct 
t v ec»iditleii0» %im 8ir«fAg« yi«3Ld of pearl-iaiULtt I0 Aliout 
940 lcg/h& e^pareA to 220 kg/iia yiold of Mbftylf poXsos* 
Xt 1« intor^tiag to aoto that uadox' nUa droa#t oo&dltim8> 
tiioaNi ic vof3r Utt lo difforenoo in tho jriold of Icharif 
pulooo e^paroa to drooi^t froo eonditloaa, Howevor, under 
modomto drom#it ooadltloiist the flold Xvrol of Miayif 
pulsoa la hlejtier thaa that of pearl«BilX«t« 
PAMRK OF ^ mam OCCOEBMCB 
Attampts have bea& mada to ideatlQr the orl |^» 
spread and decay of droo^ta in vestem Ra|a6thaa» ko 
drotighta are inheraat in theae areaa» the probi&ga on the 
droi2ght duration and Intinaltjr play "TitaX roXe in preparixig 
oontingent atrate^ea and planning dry faxiaing. AnaXyaes 
on drott^ t^a indicate that the ooeurrenoe and ^^m^i^ of 
drought ia not a eporadio 9rm% in veatem Eajasthan* It 
haa a generaX tendon^ to originate in the northtaat region 
ai^ nmd Chtum and ^hanjlmntt and epread in aomthireaterXy 
dlreotlim into Baner and dlaaipate with an eaeterXy 
laofttsent into PaXi* fhia anaXyaia hringa out the fact 
that the effect of drought is isore diaoemihXe and oooure 
10 Saatrif A«S,E.A»S*, op. oit«» 19S2» p»28« 
256 
«arly in th« regions of c»>mparativ«ly big&er iminf^aXX 
than th« regions of lover rsinfiall!^ Thm, the ocearrenoe 
of dToughts oan be predicted with the anftljreis on a mioro 
regional scale, and antioipatorar arrangeaents can be nade 
in dry DKxming ataaagement, The droughts In earljr nOny 
season in CharUf Jhunjhunn and Sikar suggest that late 
49 
Ichari^  sowing v i l l be beneficial in these areas* ITerertheless, 
rabl prospects aire also eomparatlTely brighter here in the 
absence of l^toyif sowing when drought i s prolonged. On the 
other handf in the southveatem region r a ^ prospects are 
from marginal to nil* 
A shorteoaiing in drought analysis i s that the 
occurrence and duration of drought i s reckoned in *tiae 
isolation*, and the relatlTs rainfalls of *pre drought speU* 
and post drought spell* are not taken into account in 
relation to soi l moisture level* In the case of above 
noxnal rainAkll of pv drought spell or post drought spell 
or both the drou^t intensity should be aitigated* For 
example, the rainfall in pre drou^t spell i s 25 per cent 
11 Rama Krishnai T*3« emd Sastrii A*S»E*A«S*» 
"Studies otk the Incidence of Drou^ts over 
yestem I^jasthan;, J a t . mEt mtjji 
India* Vol,XXVI, 1980, No*lf pp*44-49. 
12 Whereas a general, early sowing i s recosoisnded in 
dry filming rei^ons* 
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abov« aoraal and in post dx*ought Bpell it is 50 p«r e«nt 
abOT» nomal. If tha ndniail of droiagbt spell is $0 par cent 
1)alow aozmaly tha aetuaX defioi«iQy naad of aoll Boistajra 
v i U not l>a 50 per cent* In fact, It idll l>a laaa tlmn 
50 par eent« BowaTary tha eompanaating affaat of pre 
drought abova nomal rain will ba ooBparatiraljr greater 
than the poet drought above nornal rainfall* RoreoTer» 
the eompenaating effeot iriU auoh dep«id upon the vater 
manageaaat effideneyt the water need of the orop at drought 
period and the duration of the droa«^t itaelf» 
A alight drought la often a faetor in yield 
reduction even i^en the damage ie not apparent t fhere are 
perioda whan the rate of transpiration in tha erop axeeeda 
the rate of abadrption of eater due to low relati-re hQaidity» 
high temperature and moderate wind Telodty even though the 
available eoll moiatura in the root eone ia high* Droughts 
reaiatanoe in crops can be managed through tvo main 
interaotions • theae being avoidanoe and toleranae!* Cropa 
may resist drought stress by their ability to maintain 
13 Levitt, J., "fiffPg»^ i?P 9t ?|m|« M , ^ 
^Aeadaaio rraaSf 
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a h i ^ iattmaX nattr oontent* Shis IB &ccoapl.i»h»d by 
a d«ep and •xoeeaiire root syatflm or reduoad rate of 
tranaplratioD by apraylng aati«>traiispiraiitB« Exoaaeiira 
traaapiratlon and tha eonBag[a«it daaloeatloa eaa ba radaoBd 
by a&abXiiig tba oloaura of atoctata daring tha hot dry 
apalXa* Saoh a eondltion la called drought reaietanea 
beeauaa of avoidaaee* She orope may alao aurvlTe tha 
drought atreaa eves though i t haa a lov iatamal iiatar 
eoata&t* Shis realatanoe ffieehaaiffiQ ia toleranaa or 
hardinaaa* She eropa poaaeaaing toleranoe exhibit the 
ability to reeoTer and grov when aoil noiatura aupply ia 
restored* Crop pxoduotioo ia theaa regiona of f^quant 
drou^ta reQUirea praotieea auoh aa aeleetimi of eropa 
that otdure perioda of iaauffieitnt sioiaturei ouXtuxal and 
aanagBBent teoh&iquea and reduction of evapo-tranapization* 
£herefere» evolution and introduction of drought resiatant 
crop irarietiea ie indiapeneible aoheme to avoid the effeote 
of droughts in these areaSft During drou^ t^ atreaa cell 
14 Den&ead» 0«f» and Shav» R«B*, "The Bffeeta 
of Soil Moisture stress at Different 
7oX*Ull, I960, pp, 272-741 
\3 Viet8» F«0«t "Effective Drought Control for 
Sttooesaiui Dry Iisnd Agrioulture", Xnt 
Itaraont K,L» and liiaatin, a.D«* (ed8«}» 
Wiaconsin* t97t, pp.57-76# 
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«&Xarg«aait i» affected and i t is tlie prii&ary eeuie of plant 
ettmtiiig cmmmX^ ol^ servea imder field eondititma* Little 
ie teomi a^oat the effeets of droogtKt on root developseat 
alt^ugh i t has been indicated that root develosxaeat is 
enbaaeed relative to slioot develojpiiieiit daring and folloviag 
drou^t stress* Anti-^transj^rsnts are means to deorease 
vater loss from plant leaves l^ reduoing the sice or noaber 
of stooatal o^ttiings and thns decreasing the difflisioa rate 
of ffloietmre vapour* Suocessfol Qnti<»transpirant use must 
aohieire a favoorahle balance in restricting moisture loss 
fi;^ !i leaves «itk»ut restricting photospithesis* 
^ose plants t which survive to 8 l i # t drou#it 
condition viU, upon reeoverx, he more resistant or drought 
hard7 to the inllu«Di< s^ of furth«r possible drought* fhe 
drou^t hardaied plants develop t!^ characteristics of 
higher rates of photos^thesis and lover rates of respiratim* 
Hodifi^tion and octroi of mierocdii&ate is a necessary 
step to reduce the hazards of drought by aethod» such as use 
of shelter*belte and artificial barriers to reduce 
evapo«>transpiz t^ion and ifind moveaatit under dry faxoing 
cmiditions* Drou^ts can hopefolly be taaed by ever 
improving dry farming technologies* 
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CE&PSER XZ 
HOEfZCULSUBB W ZEI FABMIM 
An appyftisal of the agro*r«80ttre« Itase of ve8t«zn 
Eajasthaa enablet oa* to r«aXl8« th« hortieuXtttr* pot«iitlaX 
in thosa areas* IDii fflaa^r parts« viiara traditloaaX orops 
often fail» hortloaltttzal erops can b« suooeaeftolly ZBised* 
ThiB, liovevart does not sake hortienXturs a 8ml>etitute to 
oroppiag bat a support in gcaeraX» "Dry Xatid hortloaltare 
offers an appreciable scope for stabiXlsing as veXX as 
augmenting the econaeilo base of ths people* BortloalturaX 
derelopment In western Rajaetban so fsr has been negligible 
or sporadic and slov bat the potential on systeiBatio and 
organised basis under rainfed conditions exists. Identification 
end dsTelopmoit of drooght^hardy characteristics in the 
indigenoos fruits and Tsgetables are needed* 
fhe rainfall is seagrot evaporative deoands are 
hi^» soils are alkaline and veil drained» therefore, soil 
moisture tends to stay deep beneath the root iK>ne, tJnder 
eudi drcumstenoes where dry land agriculture is a remote 
possibility t fruit growing can be attempted* Attempted 
fruit crops must hawe deep and strong root syetoa with ths 
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ability to «act»ot moistur* from doeper layore of soil 
profllo ana aiuat be capable of pierdiig throofifr the hard 
pane oai&Bionl3r found in theae regiona* Fruit oropa ahoold 
also hare toleraaee to aalinitir, toleranoe to drought 
oonditi^ia and maehaniaat of ahedding their leavea daring 
the hot drjr veather aeaaon! Fruit oropa ohoaen for dry land 
horticulture auat aynohroniae their flowering» derelopncnt 
period and ripening period vith the mazinxuA moiature 
avaHahility period and the period vhoi 'vapour preaaure 
deficit in the atsoaphere ia lov* 
Water har^eating vhidi ia not ao nueh feaaihle to 
field erope oan be effective for fruita even in placea like 
tTaiaalaer* Vater harreating or run-off concantration ia 
valuable for the eatabliahsent of fruit treea* !I3ie 
eatabliabniMit of young plant ia the major problem in dry land 
horticulture* Once the plant ia eatabliahed with the 
aeaiatanoe of run«»off ooaoi9itration» drought hardineaa 
devalopa in the planta on ita ow* Itoder rainfed conditions, 
fruit growing in Bazmer, Jaiaalmer, Bikaner and Oanganagar 
ia not poaaible without watershed manag«aentf the ^^fi^ff 
1 Sham 8ia^, et si. .Jfyi^t Cullyyf ^ l"f44ftS 
ICAa, Hew Delhi 9 1967* 
2 In aanganagar» however* intensive o^oial irrigation 
in the canal coaaand area haa raiaed the water 
table and aoil moisture status on the marginal 
landa* thus easing out the soil moisture 
defioiendea* 
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ill XoeaX parlaaea* arouad ^ai8ala«7« BX^ lov Ijriiig )ia6iiiB» 
eollveting nia-off £roB 0uiTOi]a<Ujig eatetamt^y makM 
a«fliiit« ipota for th* caltiYatloii of SOBO harajr fsttit 
oropa* AB» liortloyltunil oropt aro a&Aual orop« and roqoiro 
aoro vatar for auataiianooi vator Ijarraatiag i s indlapanslblo 
for '^ •01 in t^9 arid «t8t«m parts, 
Vatar harraating ia mBmti&X in this rogioii 
baeauaa ndafaLX at tiaaa ia ao Xov that vwm i f al l ita 
loaawi ia afaporation and daap draiaaga ara ttiaisiaadt 
fflora ofttn i t viU fail to aaat tha pleat vatar raqoirioiaat 
adoijuataly* Pottatial aifapotraaapiration rataa ara upto 
6 OB a day aad Mfilk infiltration rataa upto 9 on par hour? 
fim aa^ral vatar harraatiag aitoa ara Iduidina mblf^ 
oonbiaa two adjoining phjrsiographie land unite p euoh aa 
rooky oatehainta and v^allay plaina ooour in oloaa proxisity* 
Za aona araaa of Jaiaa2Aar» Baraart Bikanar and o^dhpur 
dietriotai rain vatar flailing on rooky tarraine ganarataa 
aphiuaral atraaaa and atraaalato and oollaota ia tha 
pookat dtprouiona. 
VaahiBhthai B«B*, Sola and Soopa of aroving Fruit 
Sraaa undor Dry I^ ond AgdLoaltura"p Lafture 
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tfaxiskg th« moBsoon 8«&ten» khadlns art generally 
flooa«a ifitli rtm-off, ar9p» lik« vhaat ar* grow in mbl 
aftar tha atandiag vatar raeadaa. Canatiiavitly, em8i4araba.a 
loaa of natar in waporaUcn and daap draiaa^ takaa pXaea, 
bafora tha khadiaa ara f it for tiliaga. Saaoai thara ia 
iaaoiaa aeopa to inoraaaa tha vatar uaa affioiflney in 
tliaa. For aozmal fiald oropa taoh aa bajsra^ somg aad t i l 
tbia ayatn baa (mly linitad utlUtjr^ baoaoae tba barvaatad 
vatar nada Ita vajr in daap pareolatioa to tba Humim in 
aubstratcBB, fbougb ffiarrum ia vaXI. davaXopad in oaajr araae 
of vattam Sajaatban and baa good aatar rataitiiri^» 
tbia aatar ia banaatb tba orop root aona aad be&oa» ia 
not availabXa to tb«B, ITpvard movmmt of tbia vatar in 
tba aoiX protila ia negXigibla dua to lov eapiUarity* 
fbia limitation, boiravar» doaa not apply to fruit oropa» 
baeauaa tbey bava a daapar root ayatan vbiob mabXaa tban 
to maka uaa of daap aaated aoiatura* For axa&pla ^sss. 
(zigffobaa mauritiana) takea ita roota aa daap aa 5 to 6 
rnatraa* fbuBt tba traditicaal fiaXd eropa on kbadina oan 
ba rapXaoad by more remtmaratiira fruit orope* $ba oboioa 
of parcnniaX fruit eropa orar aaaamaX fiaXd oropa ia in 
oonfoxmity vitb tba dj^anioe of vatar BOTOncitf 
4 Singbp B.P* ot aX,| n'atar ^r^aating for tba 
Produotion of Fruit Cropa in 4rid Areaa"* 
Papor Fraaitad at tba Workaboo on 
WArid Zona Fruity "> Ubiveraity of 
0daipur, July« 1983« 
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la the nintdr atmmi trm Uerwem'beT to Ftbntsry 
laoietare storsd ia the siUTtim layer m&vea upnard to the 
eolX profile along the favooxahle themal gmdliate due 
to mxtmn oooliiig udmx lower le^ere of eoil are s t i l l 
vaxiB* iofttaHirt vater moiree frois the nana layer of the 
eoil to the oool layer of the soil* She teapez^ttire of the 
soil generally aeereaees domnard dnving the sinraer* But 
i& the niiiter eeaeoa there is a teaperature invereion in 
the soils of western Ealasthan due to starfaoe ohillitig* 
fhis promotes oapiUary moireiBCsit of the ffioistore due to 
sttotioa gradients in the soilt 
Hortiooltttral praotioee« in these areas vhere 
food crops oannot he enltiirated» voiad help in soil 
eoneermtion and preyi«iting erosion, Fhysioal oharaoter of 
the soils inllu«ieeB its moietare regiae soaetiDes to the 
adfeoitage of fruit orops* For eaBssplet sends are 
strueture less and therefore the oapillary iBOwaa«it i s 
inhibited. In a sand done devoid of iregetationt <8ie oen 
find moisture at almost field oapaoi^ in the month of 
May or Jme hefore ^e mmeem season, !lhe top layer of 
ahout 50 «m may be dfy but below this depth there is 
euffloient moisture beimuse i t oannot eseape either through 
©iraporation due to lack of oapillarity or through transpiration 
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hare b««i fexy eff«otlir» end •oonoail.eally viable* Sht 
teelalqao oonsists of Aiggiiig of plt9 50 ea in dlaaottr 
and 70 on d«ap« Bentonitc oXasr viiloh i t alMiadsiitly 
atalXabla in vMtom jaajastban i s plaood 2 - 5 ov thiok 
at the botton of tha pit* !Shi0 t«o!8ii<iaa i n o r ^ a s tha 
moietura atorag* capacity of 70 m to i l profila by 75 to 
80 p«r o«at? '0X9 baatoaite Xayar itsalf ia no obatfuotion 
to root grovtb and ia easily pcanetrated* Ao tbe eost of 
beatoaite barrier ia about Ea«2«50 per pit i t ia ecoaomioaXXy 
feasible t i l l the roots establish to reach the murrum layer* 
0& the basis of the perfozmance of various fruits 
under varied soil and difflatio oo&ditioiie» several fruit 
species have been identified to grov under rainfed eonditians 
of vestexn Ha^asthan* S&ese fruit speeiea fa l l under 
tvo categories* 
1* Plants vhldh set fruits with the cnset of rainy seaaon 
or aftervards snd aature before the adv«it of hot 
dry SQsmer season* Quoh fruits are 1 ^ (^syphos 
nauritiana) 9 goava (Paidium gaajava}» pcmegrenate 
Sin£^, E*P« et al*t **A Hote on the Use of 
Bentonite Clay as a Subsoil Moisture Barrier 
for Yegetable Produotian <m l>r:r X<ends of 
Bajasthan;, ^^fM of ?^4fl^  ^ f > Vol*XIV, 
Ho.1, t975i pp*63-66. 
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(Pimiea granatin), custard applt (AnnGna aqmaDiosa), 
^ l a (fiabUoa offloiaalls} and karoaida (Cariaaa 
oarsnaaa), 
2* Plants vboaa froita saturt and ripm daring tha !u>t 
dry aunaar soatlia auoh aa baa^  (Aagla aamaloa) 
<t&^  PliyjQI (Gravla aalatloa)t 
Hg* 27 alkov* tha t«o diatlnot hortleAltaraX 
raglona in vaatam Bajaathan* flia ««itam raglon of finilt 
eonprlaaa larga parta of Bemar, M>kftnar» ^alaalaar and 
tl» eotttham Afinga of Oanganagar» HThia ia tha raglon of 
froi^ vhieh aatura during tha hot dry susinar aaaaon* 
fhla raglon la aottly infaatad vlth aand donaa of atrong 
to aavara int«aalty« Sha aoll molatora balov 30 w la 
mpto flald oapaolty wmi daring May and Jttna and aatar 
salona ara alao ealtliratad. Tha aaatam raglon of Chora, 
Jhunjhontt, Jalora, ^odhpor. Pall, Sm&mv and Slkar i^oh 
la ralatlvaXy dma fraa la faaalhXa for frolta vhlbh aat 
vlth tha «aaat of aonaoon and matara daring vintar and 
aprlng* 
6 Faraak, O.P., op, olt^, 1978# pp.25-50* 
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other isportaat fkuits whioh hold good proBi0« 
B3t% data paaitt (PHoiaiat daet9rlife7&)» fig <llctt» oarlca) 
leair (Capparie deoiduft) eoid lasom (Cordia »pta), froit 
plaato Uls© twr, custard appla (Aaaoim »qaafflo«ft), gttava» 
amXa and baeX are eharaotarlead by a sturdy root oystani 
via<^ pa&atratea tba aoiX to a emaidarabla dtpth? fhalr 
Xaavaa ara eUaraotariaad with thltik aurfaoa and davaXo|Dant 
of haXm* flieaa oliaraottrlatioa tadov %hm vith th« 
oapadtsr to rMtriet loss of nator by oloaura of atOBtata 
and affaoUiw ratardation of tranapiration* Basidta thla 
phyaiologieal oapaolty to adapt to arid oosiditioiia» thaaa 
fruita can ba grom on a vlda ranga of aoila irlth a fairly 
Mgh dagrta of alkalinity* 
Bar ia tha aoat iaportant fkuit erop of dry land 
bortioultura in iraatam Eajaatban* It can ifitbataad 
aliBoat all tiie advaraitioa of ireatbar and aaxiaua rcsaareb 
baa bam dona on tliia orop, Oirar a bundrad variatiaa of 
bar bave ba«i axpariaintad and a ooupla of tb« bava provad 
Anonyaoaa, % g^ af %f^<flm fp W¥ M^ ^ 
Fmittif** Indian Agricoltural Haaaarcb 
laatituta* Hav Salbi* 1970f p*98» 
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thtlr vortli in zlpeolug b«fore the soil moisture bog&ae to 
reeedo!^ Pmmiae i s eXearly b«teflolaI ooapared to 
lupnmtd plttats* ^^ optlatm spselas has !)««& worked oat 
as 9*6 Q X 9.6 s« A oat^xaeat area of 94 IB^ per tree v i ^ 
a oatotetut slope of 5 to 10 per o«Eit gl^es best results 
in terms of yield, TMs provides 200 to 400 am runooff 
supplancat i s additioa to the local raise* 
Ber heoones doioast during hot dry susner abnths 
of May and t^ase* It i s a period of growth reoession* 
a l l branehM should he dipped off. HowerlBg and fruiting 
takes place in septmber • October and fruit maturity in 
sprisgt i»e,» January » February, As the tree grows i s 
an unmanageable bushy fom under natural oonditicnst 
trimming and pruaing of ber during the ini t ia l stage of 
growth i s highly desirable so that i t builds up a proper 
framework to facilitate hanresting« frtomisg and pruning 
to Choprsi S.P* and Sriiraetawat 6,» "Ber Varieties 
for vestein fiajasthaa*» m%m miH^^^^ 
?ol.XVII, Ho»4f 1983, pp«6»7» 
11 Chatthan» E.S, et a l . i *^ Ber Responds to Fraaing"» 
Ifttty^ P9|tiff<4t^ qrf» Vol.l£VI, so* 2, 
1901# PP.5-6. 
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ifi a role for most of tli« dzy land traXt plantB» Xhle 
v l l l lielp thfia »aiiag« vlth the Ximitttd stolBturt eoaditioufi, 
SxeesalTt vegetative grovth v i l l indaee mox« traaeplratlm 
vhieh fihottld not be aXXoved* 
In the niurser7 etage one healthy shoot shouXd be 
retained vhiXe most of the seotrndary branches tram the 
main stem shonXd be rimoved at the age of (me ywe* Daring 
seeond ysBT of vigorous growth only 4 to 5 laterals should 
be alloved to grov* The tender branc^s should be remoulded 
to a suitable design to meet physiologieal response of the 
plant and the harvest eonvenionce* In the third jranr of 
a l l round grovth^ l i t t l e flovering may occur vhieh should 
be promptly removed to enhanoe a good health of the tree* 
Pruning has a direot affect on the growth and yield of the 
plant* She intensity of pruning i s considered light when 
pruning i s 25 per cent* medium with 50 per oint« and heavy 
with T3 per cent* with heavy pruning soil moisture i s 
conserved but follow up regeneration idLll be hi^er and the 
yield may be adversely affected. By ligiht pruning the 
drop percentage of fruits is decreased and the fruit siee 
i s improved. However, young trees should be given l i i^t 
pruning but old trees must be severely pruned* 
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Sransplantlxig izi ber i s diffieaXt du# to i t s q i^ck 
dev«Ioiaait of d««p tap root systtn, Mor«o^r» ber plants 
do not tolor&ts root injurjr during trimsplantins* fh» 
establislment of the plant i s iaproTSd i f roots are not 
allowed to a ooiled growth, !£he saplings shoiald be raised 
in longt narrow polythene tubes of tO en diameter and ^ en 
l4^gth» 
On the basis of trials eonduoted at Plant Introdnetioa 
Statiofif o^dhpuTt four ber yarieties vim,, aola» Seb^ 
Harhera and ^ogia have been reeoBtiBended for western Bajaethan, 
Their yields under rainfed and water harresting systems 
are indieatiire of their scope in sany areas of this region* 
TABLE SIX 
Ber Yield of A five Year Old Tree 
Cultivar 
Oola 
Seb 
tiarhera 
^ogia 
Eainfed 
kg/Tree 
45-50 
50-55 
55-60 
45 
Water harvesting 
kg/Tree 
85-110 
95-120 
80-140 
60- 80 
12 Pareeky O.P«t "Quioker Way to Baise Ser Qrohard8"> 
m' - -Ind|8P Hortieultore. Vol.XXZXIt ^o^if 1978, ?# 5*6» 
273 
(a) Oola variety oatares 15 days earlier at JodIipur» 
the rlpeoiag period is fron Zet vtek of Jaauary to let 
veek of FelnrusryP She fralt» are large aDoat 25 0BB 
each* She palp le 80ft» M c y end atjeet, 
it) k variety of ber kaoim ae Seb (apple) foatures la 
about 20 daya later tbaa tbe variety kaova, as gola, Xt 
rlpeaa froa 20th January to 10th March* fhe average 
weight per fruit i» about 24 &m* It beglaa to yield 
v h A gola variety haa bees harvested* It extends the 
period of fruit availabilityJ* 
(c) Marhera variety npeaa from 20th January to 20th Haroh, 
An average fruit weight 22 pis, is the skin la aediua 
thick it can be preserved and is transportable to long 
distsnoes* 
(d) Jogia variety yields lowest of all, S!he froit else 
is small and weight about 17 m^» Its eanmercial value 
is less than the other big vsrieti^B, 
15 Tadav, £•€» et al,, "Some %dro<4iorticultural 
Relations In a Ber Orchard** t Int. 8gmp> 
^l^^t %^^^^* ^^ ^** ' 
14 Ber» however, is associated with a eustcmary 
liaitatioB on its consuapticn* She 
coasuaption declines abruptly after the 
Hindu festival of 'Holi*. 
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Dftttt palA bas good 0oop« in JaleslAert tbe 
cxtrem« w«it«» dietrlot of tliifi rtgloo. India laporto 
date palm of over 70* Billion miptea aaniiaXly. Westtm 
Ra^aothaa i s ideally suited for th» caltivation of date 
palm eoneidenng tha oUmatologloal para»eteat*a« It 
r e ^ r t a loag hot awMBerai very loir ralativa innaidity ^t 
a good amount of unterl^ Mataring time, whlcli la J^uly, 
naeds low relative teaidity* tbat ie high Tapoar prassttye 
deficit, JaUalmer haa paptltalarly auitahla location 
because here the humidity remains lov ey«i during the 
fflcnaoon season vhsn moat places in this region have hiish 
humidity, i 50^0 tfloperature re<|uiremcnt i s also available 
here. Above a l l , plentiful of water i s available in the 
hhadins of Jaiealmer and Bilcaner. ISiere are over 500 lihadins 
in ^aisalmer el<me. The total area covered by them i s 
about iZfUO hectares. Shese l^dins can be brought to 
commercial horticulture with a great variety of fruits* 
particularly date pa^ m in the Lathi oorlcs of JaieaSmer. 
1§ Daee* H.O.f Horticulture in Arid Lands*** 
Paper Presented at the Indo«gS Uorkehop oi 
Ay;jld i^ ane Bes^ y<yh« CAEEI. Jodhpur. 1^84. 
16 Kolerlsar* A.3. et al.» "'Khadin* -^ A Method of 
Harvesting Vater for Agrlaulture in the 
fharjescrt% ^mm^lS^, m^ F^nPm^^f 
Vol.VI* t983* pp.59-66. 
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Host Bigalfloaat featiur« of this regloa is a wids mp 
1>stvs«a flmsh of ralnfUU vhleh doss not sllov tlis ImiXd 
ap of Isisidltyf a grsat assst for dats pals ^iiltlvatioQ* 
Esssaroh o& dats palm in India vas initiatsd in 
1950*6 at ths Punjab iLgrieultoral ttoiv«rslt7» Aboliar. 
lAtsr it vas sxtmdsd to C4zai» Jodhpor and MohaaXal 
Sttkliadia HiiTsrsity, Biliansr. FroMngs lander Jodhpar and 
Bikansr conditions indioatsd that Balasy varisty ia tmet 
for making dry dates* BovsTsr^  rsesnt invsstigations 
havs shonn that Bint^s«Aia^ is mors promising ^varisty as 
i t rsa^sd dang stags by 20th Juns nndsr Jfodhpnr eonditions*' 
S^roity of planting matsrial i s ths main constraint in 
sztending coltivation of dats pal&t hscauss a dats palm 
givss only 12 «• 15 offshoots in i ts sntirs l i f s tims* 
Dats palm can also ssrvs as a covsr trss for Xovsr orops in 
good rainfnH years* Sate ]^ lm can ni ths tend •YVA brackish 
water* 
Ouaira is ons of ^ s hardisst froit plants and nssds 
l i t t l s care. It is a good source of Titomin^C, It is 
^ "• ' ••' ' ' I 
17 Anonymotts, "Heseareh Report (t97&>1985) of 
Date Palm Research Csntrs", Hohanlal Snkhadia 
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highljr resista&t to drottght and OBH b« grom «•«& under 
poor coils in rainfod eoaditiaao* It can stand to 
t«&porature0 as high as 47^ C« I t can b« adjostsd to 6xy^ land 
oonditions through crop rsgulatioo in vhioh ths most aeti-vs 
growth phase of tht plmt should hs mads to ooinoids v i ^ 
ths oonsooi esason vh«i soil moisturs stress i s minimum* 
3}uring dry summer season moisture stress makes the plant 
q\^«8e«nt* Spring flowering i s eliminated* Ouawa tree 
bears fruits tvioe a year* It i s more ramneratiTe to 
obtain one excellent winter harvest* Winter fruits are 
si^ifiea&tly rioh in 7itamin*C content as oomparsd to the 
rainy season fruits* The zainy season fruit dew«lops 
insipid taste probably bemuse of high humidity* It i s 
also affected by various pests and diseases* Although 
guava can be cultivated ower a wide range of soi l ^ e s 
with reasonably tolerable salinity and aUcalinityt the 
nutritional baloioe of the crop i s adwarsely affected by 
high salinity! 4 grafted guava tree can yield <m an average 
90 lEg of fruit* 
18 Desai, U,X* and Singly B.l?*f "Nutritional 
Imbalanes in Guawa as Influenced by 
Bo*3f 1979f pp.223-230* 
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imwmm 
7ga«grBiiat» eaa 1>« groim lander a id.d« ranga of 
Qllmatio eondltloia a&a on a Alvaraa y^p s^ of aoiX* It 
eaa ataiid omslderabla a&otiot of drou£^t, Imt tha onXy 
problfn Uaa in tha aatablialmaat of young pXaata* Cboa 
tha pXaata ora aatabXlahad thay da?alop drought hardinaaa, 
Froita zlpin in ^ l y • Augoat. Sha pxoblan of fruit 
oraokljig la fraqaantljr anoounterad. Craoking of fruite i s 
is 
moatly 6HX* to aoiatora fXttotaatlona i^oh/a major probXna 
in vaatam Baja8tlian« ^a avaraga yiaXd la 23 leg par traa* 
Cara ahooXd ba tatcan to protaet tba traa from ponagrenate 
eatarplXlar and atam borar* Stadlaa eonduetad at CmtraX 
Arid Zona Baaaaroh Znatitata liava abom that praotloaIXy 
no fruit oraoking takaa pXaca in Badana Boaao irariaty« 
Othar promiaing irariatiaa era XooaXXy knoan aa Khog. a^Xora 
aaadXeaa and apaniah rad aa thay ara avaat, aoft^ aaadXaae 
and Xaaa prcaa to oraoking, PraotioaXXy no work haa ban 
dona on tha nutritionaX raquiramant of poaagranata undar 
dry Xand eonditiona* 
I t i s a hardy fruit and toXeratee drought to a 
oonaidarabXa dagraa but i t cannot nithatand aXkaXinity. 
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Fruits ar« liArfett«d 6axi&B October - 2}ee«^er« A gooa 
mistftrd appl* hmoHng tr«« on an aT«rag« yields alxmt 
10 kg £rtti1», SikaTf In the northeast is well suited for 
tliis fruit tree* 
Zt is veil lo&oifa for i t s medi^Asi uses sad is 
oas of the ilohest souroes of mtaaiiii«>C« It i s a drcRight 
harder tree» It bears fruit during the winter season and 
the ^eld say average as high as 200 leg per grafted -feres* 
Salinity is a ooisffion phenonenon in vestem Eajasthan and 
most of these fkttits are (|uite tolerant to salinity* 
Ebrisons of dry fansing also extend upto vegetable 
oultLvatian* Vegetables like tinda (Oitrullus vulgaris) f 
kaky^  (Cuoiaais satirus)t »8Mra (Citrullus lanatus)* onions, 
ohilliest brinjal and eovpea have been groim in the pits 
under subsoil moisture barriers vith the applieation of 
fazmyard aenure* fhe yields have been eoonoffiioaUy revarding* 
fiortioulture in arid lands should be protested tfm hot 
dry winds of h i # speed* fiaising of doaise windbreaks and 
shelter belts of Aca<^ a tortilis is very useful* She 
windbreaks and shelter belts should be reinforeed i^th the 
plantation of inner row of fruit plants like Ooada 
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i Oordla myx&) or Ea^nda* ^Aw rednfA liortlimltiir* 
at %hXB rtglm utmost 0^ 1*6 should b« i^^tn to moietars 
o(»..rT>tlo. f oh»t,p>.. ffid . m o l . t « . « « » • . . t h o d . ^ 
In irisv of tho tsoteioXogF dsvoiopsd foir dir 3«&d 
hor^ouXturOf thsrs i s sspls seops for i t s sxj^ ansicB i& 
tids rsgioi* CoXtiiratiGii of hvr hm l>ssn a hom to tlis 
fafmtrs* Hit dwts&d for budded btr pXsats lias inorssssd 
frois a sers 500 plants in 1977 to 0T«r fOfOOO plants in 
1983* Oroviag ber ia tlis di7 lands i s fsi insursnos a^idnst 
reourxlng drought as i t providts subsistsnos ineoas to ths 
19 duptat H*!. et al«, worovlng Fruits f&dsr 
Eainfsd Cmditions", Indian Hortieulfeirs. 
V0I.MVI, So,5, 1981, ppTfliO. ^'"^^"^ 
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CH&ffM III 
mfkimil ABPEQACB Hr SET FASHI50 
k» eXiaate i i tim most iaportant latetor of 
regimtkl dtei&re&ticBi in di^ Damliig areas of wsstam 
Bajaathan 'vanotts aapaets of eliaata auoh as voSntBlX 
aiatxlMlden aad varlabiXityt arlditr tB^eee and vattr 
a i^laMU'^ periods art gmsrally taksn as ths liasss of 
reglcsu^ ^LaesitleatlaQ* InoideatalSj* l i t t l s vork laas 
tosei doae cm tfas rsglonal, liasis of dry f^csdag in India ia 
gsneral and vestem fiajastltaii in partiimlajp* Mueh of ths 
pB^ioal stodr m dry f&raliig i s on a gmsralissd pattexn 
and th«r« i s soaaty a&d scattered eiridenee at the miero 
Xei^l* 
Before making an attempt to dwaroate the dry 
faxming regions a syathesis of agro»e2imatie information 
would he of great help, fh© general cropping pattern reveals 
three regime of agzloaltaral intensity! A regienal 
boundary in vestem fiajasthan does emform rather hc»o-> 
geneously « i ^ the eompoaite features of landfoxmst so i l s . 
1 .£, and Ahiahan» 0*f«i «Crop Belts and 
OropMng Patterns of Ea|asthan**t 
Annals of Arid 2(me. Vol.ir> l o , ! , 1966» 
pp.105-115* 
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of eriditir and vator ft^rftllabliiV porlodi t2ur«t tfAts of 
foglcaiSf iPla«« aaoi^t aooo oad mloa^ o roglons teTt botsi 
idttitiflod, 
4 p««i»al of tlw do^nro of ftriil'ly b&» iiolpod %Q 
IdaatlQr tluroo staoro rogloas in if«»t«fti Ea4aetliaa» 
(a) BxtroBoljr Asld Bogioa in tho vtatom paptt eoiiipi*laiiig 
Bamor, Bikeaor, Gaagaaa^r and JalaalaoT dl«t!rtl«ta, fhia 
region eovaxv an aroa of 1t14f666 sq, km, i^eh aoeomta 
to 94*9 pes' o«At of the total area of veettre Bajaatiiaii, 
Fig* 26, 23ila region la aarred irlth aoate alMJrtage of tiater* 
Of the total enltlvated area sore tlaii 97 per oeat of the 
ar^t la imder dry faxsliig. Hoveveri the mly exeeptlon la 
0aiigaiiagar dlatrlot which hjr virtue of f&dlra Oandhl STahar 
(EajaathaiL canal) haa more than €o per oott of the oultl?ated 
area under Irngatlm and onljr 39 per oent of the ealtii«ted 
area in Oanganagar la under drsr faming* Hxy fiaralng in 
thla region haa low potential. 
(h) Arid Beglon of the omtral part ooaprlalng Chnrut 
Jodhpor and flaganr dlatrlots, Shis region oovera an area 
of §7y393 m* tef acoomtlng for 27.4 per cent of the total 
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area of vesttm Bs^aatliffii, More tlaaa 92 per emtt of tk9 
eultli^ted arta i& tMa x^glon ia undar df!y f^undug, fhis 
ragim haa aaai.ua potostiaXa of dry farming* 
(e) S«si«arifl Baglon of ^a aaat ocnpxiaaa of Jlnmilmiimf 
Sliair» ?al4 and Jalor dlatzlota* It eovara m. araa of 
36,687 ac|,ieBi» vhidi aaotmta to 17,7 per e«iit of tka total 
area of v»8t«ni Bajaatbaa* 4boat 75 per otnt of tlie 
eixltili^taa area iM tbie regicii la tmder drjr famizi§* ^ ^ B 
region liolda a I i i# pottntlal of Hxy farmiog* 
Cb an average a^ut 77*4 per oeat of tlie total 
eultlTated area of yeateini Ra jaetbaa ia mder dry lend 
agrleoltuire* fhe above aeatloaed elaaaifieatloii of saero 
reglona gives a ratber geaex^liaed jtofonaa^on of tha dry 
fansiag pot«itlala» Botrever, eacb of tbe aaero regioaa 
eacbiblta a spatial varia'^m of oonaiderable oai^tude* 
fbis leade to a father olaesifioatioa at tbe meao level* 
fbe meso regioas foznisb fairly elose understaadittg 
to tbe problems a&d potiatials of tbeee areas» fbe vestera 
macro region of «ctr^e aridity ^uld be elasaifled into 
tbree seso reglona • fhe soutbttra reglcxi of Barmer, tbe 
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WBtmm rtgloA of Bikaatr aid JalsaSjitar aad %hm Borthtm 
rtglca of OaaganagiBkr* SiallArlgr* otiitr aararo r«il<xi0 hair* 
also ba«a olaaaifiedl into mMo r«gl<»a fig*^* 
(a) flia aoutiMm raglon of Baimar ttaada diatinet]^ battar 
la GQapavli<8i to o^«r rtgloaa la tlM waataya iraa3JB« fha 
poaltlsa of Baxnar ia ooa^i^em to Micaaar la sora 
fa f^oumliia deaplta alaoat a^al mioiait of aimiial raittlia.X« 
The aridl'^ ooadltLofia aad vatar avallaMHtsr pailod ara 
ralatlTaly favottfa1»la in Baxraar, Itoxnar liaa ^i par oaat 
of ita aradair parlod aa moiat vMoh aoaa of t!ia waataxm 
diatxiota raoorda, 
Cb) 33ia vaatam ragloa of Blkaaar aad ^alaalaar ia laX^alsr 
axid altli 3akrgaat (Kmoflatxmtiott of drr faxttitig araaa* flia 
aitaatiosi ia l^ia ra^cn ia diffiealt to maaaga daa to 
praeariooa vatar airailabilit^r ooaditioiia* fhia ia tha 
ragioB of axtrtea oontiiitatality* Somal oropping ia poaaibXa 
mir i s eaod raiiiial.1 yaara. 
C a) flm aortbam regim of Oaii^ paagasr haa aXao rwrf 2ii#^ 
ailditsr aad tliia ragim eould ba eaaveaiaatlir p*oapad with 
tha ragioa of Bikaatr aad ^aiaalaar for raaaoaa of aiiBiiar 
iiatar dafiait* la faot» dz7 faxmiag ia thia ragioa iii 9W9& 
aora diffieuXt to auataia baoanaa mom thm 60 par o«it of 
tha oiatLvatad araa ia aadar Tory affioi«at irrigatioa 
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faimlng and th« dxijr lend fmrawB in the r«iiiftlning 79 p*r o « t 
of tlw araa fiaoe groving eottpaUtLoa idth the etrcag and 
stable lirxlgation tBsmSMe* In this region the input eoet 
i t relatifeljr higher* 
(d) Chuxii-JlEkganr region in the oentraX part hae fairXjr 
good proepeete for dxy land fnxaing* Xhe vater atailabilit3r 
period in Hagaur i e suoh better and large parte haye water 
aurplue for brief periods during the rainy season* Chnra 
has a hi^er peroontage of years vith abore nonal rainfikXl* 
(e) Jodhpor region has oonparatiTely vealcer prospeots 
for dry land agriculture* Although the annual rainfiall in 
this region i s not nu^ lover and i t has a brief period 
of vater surplus dbring the monsoon but the perewtage of 
years of belov noxmal rainfall i s hii^er in '^lis region* 
(f) Pali«-Jalor region i s one of the two aeso regions of 
the eastern reals* fhe rainfall regise of this region i s 
quite under the influmoe of Arabian Sea branch of sonsoon* 
!i?hi8 i s the region of hi^eat rainf&U and the vater 
airailabili^ period in this region i s aore favourable t!»n 
any other region in vestexn Hajasthan* 
(g) Sikar-Jhnnjhnntt region in the northeaet also holds 
good potentials of dry lend agrieultore* This region has 
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0Qffipas«tlT«3L9r amalXer ifat«r ftYalXablXlt^ period tttaa the 
totttiieaattm region of Fftll ana Jalor* Boveirer, thie 
region has Sarger area under Arj faming* 
Hiero regLona liaire been idmtlfied on a more 
strlet basia of regional eXasBlfleatlon* Arldltjr indioea 
and later ataiXabiHty periods bare been escaoined at 
tebail XereX, Sbis enables a oXoee enaXyaia of dry farsdng 
potentials, western Bajastban has been classified into 
buaid* flttb-buBidi moist to 8emi«»arid and arid regions of the 
first order end aeoond order for the entire rainy season 
of July to September ?ig»30« 
( i ) In the humid region rainfall exeeeds potential 
eTapotranspiration upto 33 per eent, 
( i i ) In the sub.4iumid region rainfall i s less than potential 
evapotranspiration from (V20 per omt, 
( i i i ) In the moist to semi<.arid region rainfall exceeds 
half the potential evapotranspiration. 
( IT) In the arid region rainfall exceeds 1/10th of 
potential OTapotranspiration* 
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Silt rtgiflo idth t!i» hmldt ptrlod eoBpyistw 
BMimal* ^ l i t |}«8uzi» UmmmT Jtmeticxi» 3il Hadhopor end 
Beisi Ea Shaaa telisils of Jalor* Pali and Silcar diatriots. 
flila ragim eovers an araa of aova thaa t1»t36 «q }im» whidi 
eoapxiaaa 5*9 per ocnt of tha total area of vtataxn Eajaath !^* 
She ragloii la nearly the aiae of Pall diati*lot« Of the 
total ealtl'mted area of thie regiati 56*7 per omt la under 
Ary fiamiiifi* The oroppiag la thla region oas he aaaaged 
sore eaalljr than othar reglona* ^e eae^ p dmaity eaa he 
mueh hl^r« fhla regloQ holds the potaa^ala of aiakiag 
good the crop loaaea la fragile eaviroQaeata of the veat* 
jDoahla oroppiag oaa he pursued la thla reglcn la yeara of 
good i^lafail* Cropping could he poaalhle etm in yeara 
vlth helov noiw&l xalajRill* Xa the I^dhay^f^^ aeaaoai the root 
eoae raaalna aaturated to the field oaj^olty and exeellint 
molature ooadltlona preirall for «rop produotlQ»« fhe 
maturation la tha poat huald period idll alao ha favourahljr 
met vlth aolature aupply# ^e floverlag and eariag of 
oereala ehould he ooapleted hy the «id of the huald period, 
fiere» pre-huald la tha period of erop aoatogy humid la the 
period of crop growth and |»08t*haald la tha period of erop 
maturatloa. 
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Sh« rtglon iilth •«il>«hiiaild p«rlod eonpyl««s 
8anohor»y JaXort Ahors, Pali^ Sojat, Raipttr, n»«a» XJanta 
Baagarhy Slkar, Laohlaanfiarii and Xhttri tabtiX* in Jalor« 
Palit Slkar aad JlsmJhQatt distyiota* fhls reglai eoT«r« 
am area of mora than 19i9t6 sq lQit» iilii^ oispxiaaa 9«5 par eent 
of the totaX area of vaattm Bajaatlian* Sha raglon ia 
naarly tha alaa of Oangaaagar diatrlet. Of h^« totaX 
eultiiratad araa of thia raglon 77*2 par o«it ie undar drjr 
fazniag* fhia ragioKi alao hoXda Mi^ ffir proapadts for 
noxmal cropping. BoubXa orop^ Lng oaanot l>a porsaad unXaaa 
thara la en axeaptlmaXXy good aoneooa aaaaon, Hovavary 
aoiX aolatura ean ba oooaarvad froo (ma aeaaon to tha othar 
aaaaon* 
(e) Molat> a«ft^  Artd Baaioyi 
$ha raglm idtb moiat to a«ii-arid pariod aztoida 
oirsr Siaa&a, Jodhpurt BiXara^  Jaltara&t Hartat Dagana» 
Farbataary iE t^ahpur, Jtiii&jl»mu» 0dalpiirvatit CMr«a» Chura* 
Rataagarhy Suoangarh, Bhadrai HagauTf Ladauy Bldvaaa aad 
JayaX tahaiXa in Baraart JodhpuTf FaXiy Hagaiir» Clnira» 
Sikar, ifhnnjlniBU and Qa&gaaagar diatrieta* fhla raglon 
eaeoDpaaaaa tha maxiiBiai niaiher of diatriota in vaatem 
Ba^aathaa* !She onXjr excaption to thia raglon ara JaiaaXnar 
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and fiikaaer dlfltriots vLth JaXor injo^ Fi&g Inald to saW 
hDBid p«zlod«« S^B r«gLai oorers «a area of about 39*412 
8Q« kBt» which aeeoimta for 18,8 per oeat of tbe total 
area of vetttra fiajaathaxi* Sbie reglaR la larger ta aiae 
tlota Jaiaalaer dlatrlet* Shla la a regloa of mixed oUxsate 
i& iMe& a dry aeasoii aay alternate with the molat aeaaon* 
In thla region crop ooltlTated ehould eaa^itlaXljr he deep 
rooted aa aolatttre tenda to atay la the lover layers of 
the aoll* 
SMi region hae minlmua vater avallahlli^* I t 
oovera an area of It77#130 aq* ksit vhloh la 65*6 per o«ot 
of the total area of v^tem Rajas than* I t enoonpaaaes 
28 tehalla of veatezn Bajaathan, Arid region haa further 
been divided Into first order and aeoond order region. 
(1) First Order Arid Eeglmt 
Shis region haa high arlditiy* Xt atretohea on 
the veetem aargin of Bajaethan. It Ineladea 8heo» Blksner, 
Kolayatt IiUnlEaran8ar» Dungargarh, Ganganagar, Karanpur, 
Sadulehahar^ Sangarla» Anupgarh^  Phalodi» ?okaraa and 
Jaiaalffler tehalla. I t eovera an area of 93f047 aq. km, iMeh 
aooounta for 44*5 per e ^ t of the total area of veatem 
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Bajaatban, 61.8 per coat of th« totaX cultivated in this 
region fall* tmaer dry ftaxmiag. SMS region holds leaet 
prospects of iSftxming, 
(11) Seeond Order Arid Region i 
Shis region i s eomparatlfsly less arid as It i s 
flanked on the sesil-arld region* I t inolndes Bara«r» 
Chohtant Faohpadta« fTokha, Sardarshahary Saranagart Rajgarht 
Slbly Sohar^ Sher^urh and Oslan tehslls. I t oovers an 
area of 44*083 sq, Itm i^oh aooounts for 21*1 pw emt of 
the total area of vestem fiajasthen. In this regi<Bi 90.2 
per oent of the total eoltlTated area Is under dxy faming, 
Althoui^ the seeond order region i s lees arid than the 
first order region the drjr land area in this region i s y^iry 
h l # . In the arid regions nater harvesting Is indlepeaslble 
for any oropplng proposition. Arid regions are marked vlth 
lov erop inteaslty, Soxnal cropping i s posslhle only In 
good rainfnll years. 
In aioat dry faiming regLcms eepeelally on the drier* 
western margins» jmhf oropplng i s only an altematlTe means 
v^^ fcharif crops are either abandoned early in the season 
OT they are not eom due to much delayed nonsooi, pabl 
crops* In such cases* are generally grow during the autuian 
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m9A9O&0 Altlioa^ -there is little or so rRiafiilX in the 
yabi sefteoa the oonserred r&ia-irater of moaeocn eeaeon 
can adequateJLy promote the crop growth beoauee tranepiratim 
demaiida hegiii to deoHne, The regional study of dry farming 
would faeiXitate a better understanding of the spatial 
irariatims and their cause and effeot relationship. 
Concurrently> suitable nanagement and eroppizig strategies 
could be devised for eaeh region • 
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QGBcimim 
IStatiraoatntal oonBtraiAti have a profound iafX,u«ioe 
on agrieulturt in veatoxn Bajasthan. Of aXX th« dimatie 
uad edaphio faotosv raiafiftU alona datefminas tha nature 
and reaponae of crop faaalbllit^* Xnadaqoaoy and 
unoartaiaity of raiafftU oftm oauaa partial or eompleta 
failure of oropa leading to raoufTlag aeareity and fiaiaixia. 
She land fora of Maruothali «• the aeolian depoaita 
and topographic undulationa auperimpoaa the underlying 
geological atrueturei othendae i t la alaoat a leirel plain 
atudded idth dunea and rlgde oonplexea, 3*he important 
geoaorphic iapreaaiona include round boaaea and tore with 
poliahed aurfiaeea» foiaatioa of eavea and rounded hollova 
and different typea of dunea idth longitttdinsaL, creaeent 
and ^ranaverae fons, 
AraYallia are the moat proeiinent feature of the 
landaeape and aandy vaates are the dominant featurea of 
the relief* ooTcring ahout $8 per e « t of the total area* 
She other detaila of the land-fom are alluvial plaina» aalt 
depreaeima and ieolated lov hilla riaing above the aands* 
At many plaoea the fertile alluvial plaina are covered by 
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dunw* 2h« g«i«ral r*Xl«f inortasM fr<8& vtot to •ast 
and the eitangca ara gradual* Sha aorthaaatazn fringa of 
Jlmajbunu and Slkar la an araa of azeaptlonaily tttr^X^ 
aUutial land* 
33ia atraama ara moa^ *Blaflt* and aoon die out 
In tha daaart* Savaral of tha atras&a flow in tha irallaya 
largar tlian thay aaam to bava mada* Sble indi^taa a 
ralatlvaly pluirial parlod in tha naar paat* One of tha 
raaaona of aiafit atraasa may ba aaapaga or *uadar flov* 
through thick alluidua of tha flood plain* Luni la tha 
only organlaad ri-var of thia ragion and flow through tha 
fartila hangar land. Iha rlTara, hara» play a aubordinata 
rola in daai^iing aorfaoa featuraa* 22rainaga haooaaa aparaa 
and aphaaaral toirarda the waat ondar tha influtoea of 
aoeentiiaMng aridity* Drainage in the vaat ie ahort lired 
both in time and apaee* 
She groimdvater in aoat areaa ie inaooeaaible by 
virtue of ita greater depth at iriiieh i t oooura* On an aTorage 
water-table Ilea at a depth of 60 to 70 oetrea fron the 
eurfftee* iThe «ater*table along the eaatem fringe of 
4ravalli foothiUa and aub-acntane region ia high* In the 
veatem region vater-table at leaa ^lan 50 aetre ia a rare 
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ph«&aB«i<m, In OaagaaagaT th« high tfat«r»tabl« SA tlM oeBal 
zoat la rather a e«c<mdas7 «at«r*tabl#« Sh« prooptots of 
grouad^vater utlUasatlcii m prlTata Iwsls art bXaalc. 
Th» askotsit and tariaty of natm^I iragetatifia in 
thla rtgloQ tfiide to Sjapraea uposi tha oalookar* ^ a 
dlstribatio!! of vagetatlOQ la gtaaral holda eoafomity vlth 
the phyaioalt elioatio and odaphio eonditioaa la veattra 
Eajaathaa. Qa the vholet the vegetation la xerophytlo In 
oharaoter vlth meagre tree grovth* !I!he floral apeolee are 
oapahle of mduxlng rery h l ^ tenperaturea and Img and 
aerere ataospherlo and soil drou^t. 7he eaatem rim along 
the AravalliB has a good stand of vegetation* 
She aolls are general!/ aandjrt and oira their origin 
to aeolian agenolea. fhey are textoreleee iiii^ idder 
pore«apaee* Organlo oontmts are lov betveen 0*1 to 0.2$ 
per o«nt» Shey are often caloareona in the lover layers* 
AoouBolation of ealdtm carbonate in the foim of hard pane 
of Hme at depths of 75 oa to t ffietre ia a ooaBon featnre* 
I t has be«n noted that the preaenoe of amall amounts of 
sodium salts in loealised areas i s helpful in plant grovth 
as i t indoeea the fomation of a layer of sodiua olasr in the 
sand vhidi retards the rate of percolation and retaina vater 
in thd root eone* fhe root aone in these soils i s generally 
297 
sballotr* Ih* soils exhibit eoii8ideral>l« belia^oral 
differeae«8 in erodibiXit^» aoistttre r«t«ationt rhlBoephcrs 
and salinity* 
The pereentags of els^ r is trsry small at ths sorliaoe 
than in dsspsr laysrs, Bssidssi thsy contain hl^ pereentage 
of eolnhls salts, fhs pB valus is high. Salinity is 
fortunatsly a looalissd prohlsm in irsstsm Bajasthan. fhe 
minoral oontents in than r«aain largely undistorhed. The 
microbial enrironmcnt of the soil is veak, henoe there is 
meagre bacterial activity* The soil fertility in general 
improves froi vest to east and northeast. The nitrogen 
content is lev betveen 0.02 to 0.07 per cent. The soils 
are poor in phosphorus bat adecpate in potash. Soil 
erosion is no mean a probl«!i in these areas* Wind erosion 
renders these soils coarse and nnprodaetiTe. Beoaose the 
deeper layem of the soil have higher percentage of clay 
than the surface layer and also beesnse the lover layers are 
calcareous soil moisture tends to stay in the lover layers 
as is the case over sand dunes vhere euffld^at qfusntitles 
of vater stajrs belov 30 cm depth. Botht deep ploughing and 
euitlvation of deep rooted crops is suggested iM the vestem 
region of Barmer, BikaneTy Oangana^r and Jaiealmer. The 
deep rooted crops may be beneficial also in ^ e v of the 
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ecsiapEratiir^ Xy hi#i«r pere«atage of leaditd nltro|:«a in 
the lover layers of the eoil* Shle vesteni regloa holds 
higher eeoaooiio feaelhllitsr tor bortlooltoral erope than 
for eereaXe and puXees* 
Xhe uncertain behairior of Boneom i s the greatest 
oliiaa-Uo ha«urd in this re^on. fiainfall variatiaa i s the 
deoidiBg indiimtor of the arid conditions as the tesperatiures 
shov a relative uaifozmity* Relatiire husiditgr dusring the 
rainy season renaine fairly h i ^ hut the rains arn not in 
aocordanoe idth the hisaidity figures* 
She most challenging thing in dry f^ ^ming i s to 
make gcneralisatioas in the oeourrenee of rainfall. Bains 
are generally elusive of a l l standardisation# Weather 
aberrations like the delayed onset of iDOnsoon« long dry 
intervals in rains and the early» abrupt cessation of 
moasoan cannot oftm be precisely predicted* In faet, the 
amount of rainflill i s not a l l the same crucial as i t s 
incidence in time onA eoosioteacy* Decrease in rainfall 
toifards the vest i s a rule, She coefficient of rainli^ll 
variabilitQr also increases tovards vest* !IMs indicates 
that scarcity and uncertainty grov large towards vest* 
Only Sikart Pali» Jhunihuau and Jalore have favourable 
rainfall regise* 
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Apart from iatiereatly low and laaoertaia rainlfeUJL 
th«r« 10 a great loss of-rain imttr tlinnigh nmmott, d9«p 
ptreolatiosi tad evaporatlca In wmtrnm Bajastli^, About 
20 to 30 par omt of rainfalX raeaived i s loat em nm-^ off 
milft ^e fd&daaantaX isaue of dry a^afmiag i s tha moat 
affaetiva abaorption of rai8«»«atar in tha aoiX* 3!ha 
preparatory tiiXaga buiXda up tha aoil atraotura aad 
ioiproiraa tha ixi£lXtrati(»i oharaotariatiea of tha aoiX* 
IiavalUiig and hunding of tha Hald haa haan (|Qite affaotive 
m tha undulating landa* fhia taehniQua not (miy ineurea 
more aoil moiatura hut aiao arraata tha aroaion of top thin 
layer of tha aoli, 
She yield diffaroaoea of bunding oirar nm«>hunding 
haira been aubatantiaXly anoouxaglng. Soil profile or 
horiaon diffarmtiatim determinea the aoietura atoraga 
eapa^ty of the aoil* Soils with a deep B^horiam and a 
high elay content are endowed nith a greater oapaeity to 
atore soieture, thereforOf deep rooted oropa ^ould be 
preferably eultifated m ^laa, 
Um^:^ al^vera outpaee the abaorbing oapaeity of 
the aoil# thua deep plou^ i^ing ia bauefioial in aafelng aoila 
mora receptive. Water harreeting ia m^ ot the «ierging 
teehniQUM to avoid run«>off loaees, fhe proapeote of vater 
harveeMng are sore bright in the ireateni regim than other 
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regloo8« In faet, vator liazrestiiig ahould b« iadlspeaaibX* 
as tlia maagra rainfall of tho area oaanot euffioe the erop 
need and alio l^ aoaosa daep paroolatioa ia high on tha 
eaadjr aolla of this ragloa* 
Brm after eaauring maziiBiim abaorptlm of rain««ater» 
nearly 30 per cent water loaa ia iiminent through deep 
percolation and evaporation, Conaervation of so i l aoiature 
has ahovn a marked inoreaae in moiatore etatua of the aoila. 
In the veil drained aandy aoila deep pereolaticm loaaea can 
be reduced by eoil compaction and laying euhaoil molstore 
barriers of bmtonite clay* Caapaotion of upper aoil layer 
by paeaing a half ton roller tO to 12 timea has gi-ren 
optimum results ia eoil moisture conservation, Fallo^ngy 
yet another technique of moisture conservation# also 
improves the nitrogen levels in the soi l , Sulching» veeding» 
vindsoreens and mini shelter belts are also effective 
techniques to resist evaporation losses. 
Although the soils of western Rajas than require 
adequate qizantity of fertilieers the use of fertilisers Is 
not generally recommended because of inadequate soil 
moisture. It i s feared that fertiliser application may 
damage the microbial environment of the soi l thus rtndering 
the already organic deficient soils as inert, fhe fertiliser 
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tt»e la Boarolty eoiidltlQii9 gm«rally X«ad0 to orust 
foxmfttlcQ* TblB re4tttOMi ^« seedlisig iBi«rgiito« of ••••imX 
erops* ^^ fortlUsor uft« thould !>• Bpteifleally ••ltetlir«* 
170O of altrogoit liov«T«rt ! • osdifttial la ««8team 
Rftjast]3a& ia nomal and good ralnfialX yoaxn to eountor th» 
probXtat of aXkaUaitir and eaUalty* TartlXlser tuio 
redttoM tho pH vaXuo of ftlkali soila* Th» quantltyt tlAi 
«ad BOthod of fortilieer plaoosiflnt !»• b««i found offeotlTe 
for oropa willed raapond to tha uaa of fartlliaara* Fartilisar 
appXieation adjuated aith tha aolatora ragima i s fotmd 
to Inoroaaa latar uaa affieiaBey* 
^ a erop sanagtaaat ayziehrttilaing th« aatar 
avalXabiXity baa proYad mora auooaaafoX in vatar uaa 
afflei«i€Qr« tba crop »enag«i«it ineXudaa tlia optiatm orop 
danaity in aooordffinoa aitb tha aoiX ffioiatura atatue. Sha 
optimua abottXd ba inoXinad toaavda Xovar Xisiit of daaaity 
aa a tialc aiaisdaing approaob* fba orop gaoaatry ia aXao 
an important factor in affioiflOLt vatar uaa in Ximitad 
moietura atalXabiXitir* 
Hixad cropping eouXd ba mora affidant and 
riBunaratiTa tban eingXa eropping» bacauaa pXanta of tba 
aama apaeiaa eompata for vatar mora vigorouaXy with aaeh 
other than do pXanta of diffarant apaoiaa* In intarouXtura 
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the root ttyttMis, growth hahitt and vator and tttttri«it 
roqoirMifat poriods of tho crops diffor so that th« atroaa 
on aoiatoro i t dlHdod in tlato and aaount, AXtamata 
taXIoving and cropping vith HaOIoifiag oyary third yaar i» 
a 0yat«s of orop nanagtttffit for risk insttrenoo* 
Sha Bturvival and eeononio faasihiXity of rafops 
dapand upon thair propar ohoioa in aoeordanoa vith regional 
irariatiena in vaathar auoh as dalay in tha onaat of rains» 
breaks in tha rains and early ending of rains* 
The pre sowing w^ treatmanta have shoiei tha 
rasolts of aooeXarated growth rate of erop thus raduoing 
tha tiaa naoeseary for tha erop aatority, Shis prooass 
ffiay faoilitata the ^op to a d ^ t properly with the linited 
moistttra awaiXability period, She gazninatim of soaked 
seeds takes place in an iapxowed and strong aetaholistt* 
as a result the orop can aitigate tha drought hasard to 
eoaa aaasure* 
^ a paroentaga of seedling aeiergcnea was higher 
vh«a aoakad seeds were sown, ffais i s an invaluable 
aohievaaent of pra-sowing seed traatiBveit as i t enables the 
optiaisatien of seed rates in the field by oonsiderably 
raduoittg the seed wastage in the lUrrows, It i s found to 
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hart faT0ura1>X« effeet on eoBt-bea^flt ratio of %h» orop. 
fills a«thod ia mora affeetiva an ollaeaaa attoh aa Simflovtrt 
Safflowar and eaator nMoh bara a longer gansinatlan period 
of about a vaak and their aaad coat la alao uaually tiarder 
than pttXaaa or earaala, 
Sroa^it la an Inharait faatora of dry fareoliig 
araaa of ireatem Eajaatban, Attempta IiaTo hem, made to 
IdtKitll^ the orlgiBf apread and daea;r of drou^ta In tbia 
region* Analyala on drou^ta Indicates tbat drought la 
not a aporadlo event in veatem fiajaatliaa. It liaa a general 
tendenojr to originate in the north east reglcn end apread 
Bouthveeterly direotlon and dlaaipate idth an eaaterly 
aoTtmcnt into PaU* Srooghts ooeur early In the ooaparatlTely 
higher rainfall regiona, Xnfomatiai m the nature of 
droui^t ooeurrenoe can f»ire way for antleipatory arrangemttta 
in dry famingt 
A» the early droughts prevail in the northeaatem 
region of Jhonjhunu end Slkar the orops can he soisi at 
their adiedule idth al l the «tre of antioipating droughts. 
I t i s examined that in the yOMra of delayed onset of 
monaoon the raina «i3Ll not have an early intemittinoe and 
ohanoes of early drought laay he negligible. In suoh years 
of delayed onset of monsoon drou^ t^ i s likely in the later 
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parta of tlic rslAy ••stoo, fhertfoTt* orops slioold b» 
grom vl^ lL ottoli a plamilAg tliat thty aay «a<Sur« th« 
arougbt late in the seasm* 
It liaa h9m aaan that ia the yeara of daXajraA 
onset of rainfall the oocurriaee of Srou^t ie leae imleee 
i t ie a total failure of amaofsit u^tSn. ie m rare 
phtncxBenm of dleaetroos drought* Uoring 1901^1981» 
dleaetroue drouglite ^  -^e result of delayeA onset of Aonsoon 
coupled idth early abrupt flud of rains, ha^ re ooourred only 
1 to 3 times in differwt parts of vestem Eajasthan, 
£here are frequcit instances iih« crops fai l due 
to moisture deficiency in the root sons but adequate 
moisture exists in the lover layers* fhis can « l y be made 
use of by the horticultural crops* Scaie of the finiit 
crops with strong and deep root system give satisfactory 
results under dry oondiUons* A good number of fruit 
varieties vhioh are drought hardy have been Identified 
after field experiments* !i^ e Arvavalli foothill region in 
the east has a sidevscope for dry land horticulture* 
liOeaUsed areas even in Jaisalmer conditions are quite 
favourable in the Ehadins* 7he traditional orops in the 
Khadins can be veil replaced by useful model orchards idtlch 
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Qfim be pXaimed to give regalar barTtsts for gr«at«r part 
of tbm yoar* Sttoh a proposltioa i t not wtll vlthin th» 
moans of on indlirldaal subsiotanoo famor and oooporati'ro 
laoentlToe id l l havo to b« g«n«rat«d» 
In tho prosttit atady an intanalto aurfay of tht 
vatar airalXability pariods and moiaturt ragiaes of tha 
aoiX hava batn oada on a raglcnal baala* I t oan ba oonelttdad 
that tha oerutiny of aridity IndLoaa haa roToaXad 
ffiioouragittg oonditiona of farming pot«ntiaXa. Bagiona of 
fairly largo proapaota havo bean idontiflad in tha northaaat 
in Sikar and Jhunjhuntt and in tha aoathaaat in Pali and 
vTaXora* 
It ahottld ba notad that tha main concexn of tha 
dry land fazmar ia to praotiae mathoda by vhioh hia inooma 
may not only ba atabiliead but alao raiaad* 3Me ia 
becoming ineraaeingly difficult under tmooatrollad riae in 
prioaa of inputs and operational oosta. 23ie proapaota of 
dry faming are Umited in the arid landa aa compared to 
the 8emi«.arid landa, obHoualy beeauae tha problem of 
scarcity i s more acute on the arid lands. In the arid 
areas the range and ohoies of crops i s far too limited than 
in the simi-.arid areas. Due to erratic behaid.or of rains 
any significant stabiUsation of yields on a region vids 
scale i s almost impossible* 
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ivsmnu VIZ 
iUonual Arlditjr 
Sietxlot 
Bamer 
Blteantr 
Ctttiru 
taagaiiAgar 
Jaisalmtr 
JaXos« 
jrisiAjiiunu 
Joab^r 
Hagaur 
PaXl 
Sikar 
mB 
<2&B) 
282 
291 
366 
255 
186 
56t 
387 
369 
328 
397 
467 
mvB^ 
(am) 
1856 
1772 
1580 
1662 
2063 
1561 
1562 
1843 
1639 
100 
1503 
mm 
(mm) 
1576 
1481 
1214 
1407 
1877 
1180 
1175 
1474 
1311 
1253 
1036 
H4AI 
84.822 
83«577 
76.835 
84,657 
90.984 
75.592 
75.224 
79.978 
79.795 
75.939 
6d«928 
Sotei MR 
mm 
Maaa AnauaX fialafiall 
Hean Jksatial PotKitial i^ vapo* 
fransplmtlori 
Hoao Annual ¥atar Deficieaey 
Umn AxmoaX Aridity ladax 
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APPENDIX VIII 
Aridity of Kimilf S^iaca 
3)i8triet 
Baxmei* 
BLkaxkBT 
Clnuru 
Oangaaagar 
JaisalB«r 
galore 
Jhanjhantt 
Jodhpar 
Hagaar 
PaU 
Sikar 
HKB 
July* S«pf, 
327 
2!5 
277 
179 
H3 
317 
287 
298 
3 4 
512 
367 
MPEf 
July* Sept. 
494 
603 
502 
591 
651 
389 
445 
485 
495 
430 
423 
HEWB 
Jttly<»&«pt« (»a) 
267 
388 
226 
412 
504 
72 
158 
187 
241 
lie 
56 
mki 
JttXy^Sopt. 
54 
64 
45 
70 
77 
18 
36 
59 
49 
27 
13 
5 o t « t HEH 
MKPE3! 
mxtp 
FSAl 
m Ema Ehajlf BaiaiaXl 
« Ktaa Eharlf Pot«itial B-vapo* 
fraiisplmtioa 
a Eeaa Eharlf ¥at«r DefielfinQy 
n Bieaa Ebarif Aridity Iad«i 
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APPEHBIX m 
Aridity of fiaM Seasm 
Sie t r ie t 
Bazntr 
Bikaner 
C^iu 
Q&a^!sxw^v 
3&lm%m%T 
Ja iom 
Jfaoajliimtt 
S0€tkpa.T 
M&m^T 
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Sitor 
ME 
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65 
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48 
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Imm) 
480 
420 
376 
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5 ^ 
455 
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404 
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310 
386 
338 
322 
^ 4 
ISBAI 
9t 
87 
83 
89 
94 
88 
81 
85 
88 
80 
81 
lotei MB. m Umax Ba1»i BaiAflalX 
HB^ Bf m Mean BaM Fotoitlal 
Birmpo*tz®iispii«ti<m 
I!E¥|} «s Meaa EaM ¥ater Cifieienoy 
riRAZ « Htan Ha1»i Aridity Bidez 
P4 
g 
4 
i*l« OS O 
• ^ 
4» 
H 
^1 
'Si 
& 
g 
^ ISit 
o 
| 0 0 
o 
fin 
CO 
i6 
a\ 
eo 
«M 
01 hi cd (VI 
I I 
« t • • 
I I 
• * • • 
I I 
R:st&i )0> 
• • • * 
CMOOVVO 
• • • • 
«t<v<vov 
j$3! 
• • • • 
t(NCM(MM 
I I 
B I A O O 
t I 
^•j oooo 
• « • • 
•->(V<VM 
* « • • 
0 © t f \ 0 
• • • • 
• • •_# 
«»OVVOC!} 
0 
u 
«4M p oRS^ c* 
l^gSf: 
J??!;; 
• • • * 
^ • • • 
* * • * 
• • • « 
« • • • 
I f 1*1 
C O ' - ' 
I «»RS o 
316 
8 
CO 
\o 
o 
a s 
04 
tf> 
a»o<*o© 
• • • • 
• • • • 
»> 
(M 
K. 
O w 
I I t I 
t « • • 
f • • « 
• • • • w tv 
RS 
• • • • 
* • ' J 
«OQVO(D 
COUVQtfH 
• • • • 
• • • • 
• t iT 
SI »8Sg 
^Si^^ 
• • MCVCV<i^  
(DC9<0(0 
• • • • 
"^m^ IIV 
• * • 
O C 9 3 ( S 
• • • • 
« • « • 
• • • * 
*=»RSg 
OtA0\O an 
J ! • • • 
» • • « 
• • « • 
O O O t r \ 
« • « • 
317 
• • • • 
I'M'M'M'N 
« • • • 
.0 l i l t 
ogoo 
«4 
g 
g 
m 
o o 
A 
a 
J? 
M 
0 1 
01 
0V 
I 
0* 
o 
o 
0\ 
• » • • • • • • # # • 
« • <|w HI** 4|» « * ifm ifm ip* (<|) 
318 
• * • * Jf J J! * Ji ..* ^ 
- f . f* 
p( @i 
I 
S 
»1i 
5 
fet 
W 
O 
H I 
I 
m 
1° 
raa< 
10 
*» o 
At 
@04 
4 » M 
rap4 
s 
^ 
1 ^ 
S 
d 
» 
0 
*4 
» 
i p | • * « • 
«ri e * «> «0 
« 
s 
n 
o 
H 
12! 
H 
t • • • 
4S ^ 4 * 4» 
0« C^ €^ 1 ^ 
ZZ^ ST* S ^ ^T* 
w w w W 
sj- j* "Ki'j (Q-^ m*-^ 
WkpL <0H ^ > * ^ > * 
wfi WM w0 *-a 
H H | « | « l « l « 
asjgj ••»*« * t ^ i»o^ 4»ii\ 
fJiii" <li<M ft*» gi»» 
® » « # O'tMir 0«».» 9>ai«' 
cQ C3 tQ ca 
cy 
I 
o <^ «|» (V •» 
4» 4» 
(Sr « 
lA l l \ % ! • - § • * * F** O 
l « f-«H l«0 H H r4r l | « | « | « i*© t € 
1 $ Sg I® te(a g g 1 ^ 1 ^ |ov IJJ J^g 
*5l's«<» * t > ' ~ < ' *T>«i«* ' % ' t a ^ ^^ikwir * ^ * i i i * 
I'V tf\ Cf^  <?» t*» 
*0 -
»^ -*<» ca-«-«» h j*** ca-'^ i«4.«-<. »5<»>» i-j^-* i ^ * ^ • ^ • ' ^ »TI**^ t^*-^ 
d t A gU^ g « H r - ^ t A g N gCO 1 ^ d « * a ^ § ( 0 
p i - P^- 3*- 5<^ 3tr> g»- 3»- i#- Bt4 i * - p*^ »T»>«rf» %%-»• n* * . * * * a « * ^ h»«i««' 
CM 8 8 *» CD 
^>00 ' ^ ^ M * * 9 * w * % 
S I ^ SS ® 
cu r i i cy « • 
l« 
1 s si @> 
€ 
O 
¥p 
H 
U 
^S 
^ 
« 
^ 
uri 
# 
04 
•4 
319 
320 
Bistriot 
Barmer 
(190t*19Qt) 
BlIsaioiF 
( I901*tt8f) 
Glrnm 
(1906-1981) 
M&&9T9kt9 
1906t 1914, 
1920, 1922, 
1954, 193^, 1957, 1958, 
1945f 1949, 
1950, 1951, 
1958, 1965, 
1967, 1981 
16 fma^ 
1905t 1906, 
1922» 1925, 
1924, 1927, 
1929, 1950, 
1947, 1955, 
1962, 1964, 
1972 
15 y ^ f s 
1906, 1907, 
1915f 1914, 
1916, 1922, 
1928, 1951, 
1952, 1957, 
1941, I955f 
1954, 1958, 
I960, 1968, 
1971, I975t 
1976, 1980, 
1981 
21 ^VBkm 
Imve* 
1902, 1905, 
1910, 1915, 
1925i 1928, 
1956, 1959, 
1952, 1954, 
1957, 1962, 
1970 
15 femm 
1901, 1904, 
19 in 1912, 
1915, 1915, 
1925, 1952, 
1940, 1941, 
1945, 1946, 
1951, 1952, 
1955, 1957, 
I960, 1965, 
1971, 1975 
20 years 
1910, 1915, 
1920, 1929, 
1955, 1956, 
1958, 1940, 
1952, 1974 
10 fm.ve 
Btr9V9 
1901, 1904, 
1905, 1911, 
1925, 1950, 
1966, 1969 
8 yeais 
1902, 1905, 
1958, 1959# 
1959# 1948, 
1969, 1979, 
1980 
9 yemm 
1911, 1921, 
1959» 1951, 
1955, 1 9 ^ , 
1969, 1972, 
1979 
9 ye&TB 
DtS&tttT&QB 
1918, 1968 
2 ym^TB 
1918, 1968 
2 years 
1918, 1957 
2 years 
QCE&li'd* » • * • • 
jissmtu. XIII (coitd } 
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Bistrtot Mod«xnt« Ijaz*g« a«v»r« Sieaatrous 
1927, t929i 
1933, 1954* 
t935> 1957* 
1938* 1950f 
t952, t955, 
1957, t960t 
1962, t977, 
I98t 
1936, t939, 
1943, 1947, 
1949, 1953, 
1974, 1979 
1946, 1965, 
1968, 1969 
15 7«sx<e 8 jreaiQ 4 jT^ars 111 
jQ i l oa l j i d f 
(1901-1981) 
1910, 1927, 
1932, 1934, 
1935, 1936, 
1942, 1952, 
1967, 1981 
1901, 
1903, 
1913, 
1919, 
1928, 
1938, 
1943, 
1949, 
1951, 
1966, 
1971, 
1902, 
1905, 
1915, 
1922, 
1930, 
1941, 
1948, 
1950, 
1964, 
1968, 
1972 
1904, 1911, 
1921, 1925, 
1939, 1965, 
1974 
1918, 1946, 
1969 
10 y^fe 22 7«an) 7 f9&TB 3 y«are 
Jalore 
(1901*1981) 
1903, 
1913, 
1921, 
1927, 
1943, 
1947, 
1954, 
I960, 
1981 
1910, 
1914, 
1924, 
1935, 
1946, 
1948, 
1957, 
1965, 
1912, 
1923, 
1939, 
1942, 
1951, 
1963, 
1966 
1922, 
19^, 
1940, 
1949, 
1962, 
1964, 
1902, 1904, 
1911, 1915, 
1925, 1936, 
1968, 1974 
1901, 1918, 
1969 
17 years 13 ytare 8 years 3 yiwuns 
<2aat4««««*«« 
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APPM0IX XIII (coata, . . , , , ) 
Distrlot Hoderst* lAYSO Seip»i>« ISiflajEitpoas 
^luaa^iniati !906» 
1915, 
1929, 
1955, 
1943» 
1948, 
1958, 
196>t 
1913, 
1923, 
1932, 
1940, 
1944, 
1953, 
I960, 
1973 
1904, 1911, 
1919, 1922, 
1928, 1929, 
1936, 1938, 
1949, 1968, 
1974 
1902, 1905, 
1907, 1921, 
1939, 1941, 
1951, 1952, 
1965, 1972 
1901, 1918 
16 years 11 ymtTO 10 jrears 2 ye&TB 
(190U1981 1906, 1912, 
1919, 
1931, 
1936, 
1947, 
1968, 
1979, 
1911, 
1914, 
1926, 
1935, 
1943, 
1954, 
1974, 
1981 
1901, 
1920, 
1924, 
1932, 
1948, 
1969, 
1902, 
1921, 
1925, 
1938, 
I960, 
1980 
1905, 1913, 
1939, 1941, 
1951, 1952, 
1963, 1968 
t918 
16 years 12 years 8 years 1 y^ r^ 
(1901*1981) 
1906, 
1910, 
1919, 
1928, 
1936, 
1936, 
1942, 
1951, 
1959. 
1966, 
1977, 
1980, 
1907, 
1914, 
1920, 
1935, 
1937, 
1940, 
1950, 
1957, 
1962, 
1971, 
19t8, 
1981 
1901, 
1903, 
1921, 
19^, 
1941, 
1949, 
1965, 
1974 
1902, 
1913, 
1922, 
t93?, 
1946, 
1963, 
1968, 
1905, 1911, 
1915, 1925, 
I960, 1969 
1918 
24 years 15 years 6 years 1 year 
Ge&wuw••»»«» 
AfiWBU Xlll (Coatd.....) 
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Mstriot 
•MMMMUHMWaMawB 
^dextttt largo Seirare Btsastroue 
(l9OU190i) 1902» 1912t 
1950, 
t933» 
1942, 
1954, 
1957, 
1963 
1904, 
1920, 
1932, 
1935, 
1951, 
1955, 
1961, 
1911, 
1914, 
1921, 
1 9 ^ , 
1937, 
1941, 
1949, 
I960, 
1971, 
1980 
1913 
1915 
1923 
1936 
193^ 
1946 
1958 
1962 
1972 
1901, 1922, 
1924, 1968, 
1974, 1981 
1905, 1910, 
1969 
15 ymrm 19 3reai« 6 ^9&TB 3 yearn 
Sikar 
(1901*1981) 1913, 1922, 
1928, 
1932, 
1940, 
1948, 
1952, 
1956, 
1963, 
1979, 
1920, 
1923, 
1931 • 
1937, 
1944, 
1951, 
1954, 
1957, 
1973, 
1980 
1907, 
1911, 
1925, 
1941, 
1949, 
1969, 
1910, 
1915, 
1939, 
1943, 
1958, 
1972 
1902, 1905, 
I906, 1921, 
1938, 1965, 
1966, 1967, 
1968 
1901, 1918 
20 years 12 yeara 9 yaars 2 years 
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Awmnu xw 
£i*«m^t Oec&rtmm Ct901 * 19@1) 
S^t ien l ^ i e m ^ lArgv S«?«rt Mm»m tixm^% 
Bsiaitty 
Siteiex* 
Olnum (f 906*0!) 
(1926*81) 
J&isaljifr 
4@3^v% 
( I90t-8t) 
^o^pur 
I&^\»r 
f&Xi 
Silsar 
t i 
f | 
at 
I f 
to 
1? 
t i 
24 
16 
n 
m 
15 
20 
10 
a 
15 
IS 
12 
@ 
9 
f 
4 
? 
S 
0 
6 
0 
6 
i 
a 
2 
2 
* 
? 
3 
2 
t 
t 
5 
2 
42 
3t 
54 
2t 
30 
40 
42 
55 
44 
58 
58 
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APPiJDIX X? 
Percentage Dry Banaiag Area 
TelmlX 
1 
j^ Ak-i^ E 
Sheo 
Paehpodra 
Chohtan 
Oiigiana 
pimw 
Lua&azBssa r 
Kolayat 
HoMia 
HilLE 
faranagar 
RaJ^rh 
SarSarslmliar 
I^un^rgarh 
fiatangarh 
Sujangarh 
Area 
2 
"'iijfS§;d"" 
6756.0 
3542. t 
4696,1 
2021.4 
8643.0 
6231.7 
7 9 ^ . 9 
3Q36.6 
1599*0 
1798.3 
2212.3 
3839.6 
3020.3 
1614.2 
2653.4 
SotaX CuX» 
t ivatad Area/ 
Hectare 
3 
&f2W 
200547 
^7093 
1 
292994 
102241 
220597 
230298 
190^3 
235548 
119072 
132100 
146740 
28^29 
201552 
126328 
197355 
Total 
I r r iga ted 
Area/ 
Hectare 
4 
^2^ 
11 
7277 
361 
11416 
^779 
7^6 
m 
310 
78 
9 
641 
46 
103 
9i 
119 
0 Diy jpanalng 
Area 
^ 
99.520 
99.995 
96.487 
99.877 
88.835 
88,314 
96,611 
99.866 
99.869 
99.935 
99.994 
99.564 
99.985 
99.945 
99.928 
99.940 
c o a t d . * « . . . . 
AFfKnmx xv (conta ) 
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1 
QAnQMAOm 
K&ronpQT 
Fa<iaiapuz' 
SaduXshahar 
S a n g r i a 
5?tM 
Ussmmn^rh 
2 
992. t 
826,8 
846.9 
768.0 
662.7 
756.7 
1228.8 
Halslngiiaagar 1?68,4 
Suratgaz-h 
l o b a r 
Btoafira 
Anup^rh 
JlAlBAUim 
Foteraa 
iiJl^ lsSS 
Al)ore 
Sanohore 
BhimmX 
4088.6 
4t11.7 
1776,8 
3775*8 
28669,6 
9ft)6.9 
2216.3 
1842.9 
3006.8 
3406.2 
3 
102035 
78411 
78756 
71956 
74057 
96183 
137479 
110103 
265183 
404600 
195002 
182835 
89221 
181788 
137202 
107006 
208373 
196379 
4 
90414 
5 7 4 ^ 
56037 
48350 
48161 
75310 
103494 
69083 
136036 
57435 
17824 
143220 
92 
27 
44162 
27225 
34733 
56206 
5 
11.390 
26.688 
28.848 
3 2 . ^ 7 
34.968 
21.702 
24.721 
37.257 
48.702 
85.805 
90.860 
21.668 
99.897 
99.986 
67.813 
74.558 
83.332 
71.668 
eoi3itd«««.*.. 
APfEHDIX XV (COBtd . . . , . , ) 
327 
X 
j^m^mm 
Olilrva 
Khetrl 
Uaaiinp^inrati 
li^Pfflm 
fhalodi 
Oeiaa 
Shergarli 
&!l3.a!3r& 
MWJ. 
jM^i&% 
Dt&tmxm 
^ayal 
Jfaum 
I}i«ga&a 
Par^tsasf 
Merta 
1579,0 
1272.1 
1470.6 
1564.1 
3359.1 
7511.0 
4248.4 
3617.3 
3359.5 
4740,2 
1529.9 
1637.6 
1948.1 
1507.1 
1905.1 
2198.9 
2238.3 
132655 
154354 
125286 
110861 
195867 
239042 
190893 
184072 
168697 
283286 
65009 
9 3 ^ 6 
126113 
76130 
96765 
95035 
142380 
9968 
^868 
18275 
27379 
8909 
17 
15977 
1948 
39344 
3209 
311 
6058 
481 
18019 
9314 
11700 
^447 
92.486 
86.481 
85.414 
75.304 
95.452 
99.993 
91.631 
98.942 
76.678 
98.868 
99.522 
93.535 
99.619 
76.332 
90.375 
87.689 
82.128 
OOBvQ. ft « • . ! • . . 
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APFBISU XV 
t 
i^LI 
Jaltaxaa 
Sojat 
Ealffur 
Marvar Juaotlon 
Jie@vt.ri 
Bali 
§ i . l l i 
Fatehpur 
Laohhoangarli 
l^nta laa^ijrh 
S r i ilaaho|iar 
lG€D Bja Slia&a 
2 
2KJ06,2 
1334»0 
t655.5 
t059.? 
U0U3 
!278»8 
2441*0 
1510,2 
1101.2 
1241.7 
1419.1 
1411.5 
119T.1 
(Ooatd.•.«•»•) 
3 
122751 
62075 
60618 
57352 
50355 
46570 
74921 
a i 9 4 
49986 
65352 
81664 
95212 
56958 
4 
20542 
22414 
14518 
14761 
22548 
19002 
37154 
12889 
557 
5257 
50508 
49954 
24766 
5 
83.266 
85.895 
76.580 
60.461 
55.203 
59.197 
50.456 
84.872 
98.926 
95.015 
62.645 
47.555 
56.519 
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C^tterJ««t '^O* and Patlmki B«f«» "StvaJLonsmt of 
iround wator MmuvtmB of Ba|a«tfiaa * 
Soa» Sttgg®8^ iQ&8**» Ta^ 
?oX#3, Ho.U tS^tf pp*  ufgestioas^, |fi#iai.^fff?iy4TO;t?ig» 
OliatterjQty S»P«» **l&ppiii0 of Arid X<aiid» of fiadia 
by |atifflaal Atlaa Ogea&iaatig«t|?r^mte«f 
i964f pp»345-4o. 
Cliaudliairiy L.B* et al»| "ItaXiaa HilXet ia tisf lis&d 
AgvieiiXtii3r«*» ladian Mtm$HMm 7ol*X£I^ HOtff 
tfeOt pp.lVH. «'^ »™ "^ 
Cliaudliz3r» M«S* et al,» "Soil «id Watai* Haaag^saatt 
voi«i6f Ho.6| i966f pp.at^as* 
Cimudha^^ S«li, a&d ftamaaaatha Ctifttt^ Tt 0*K«y ^FcirtiXiear 
Sltro^ent The E|gii«8t E«ti;istt £eiptit for Ealjafed 
C«>|»% a^ J^Uft f^mM* Vol^ XSK, SOti, f979f 
OliaugtOftf B«A» and Eliar«i B*(}«» "Zatoroiiltmra la 
Bolation to th« Qaaiitl<tetlT« Iioaaaa hf waods 
ill Baiii*f©d c»t^;i,iftftif» inw^i 9t 
CMimRBBinit S,» «@oiX C<m8*rvaticxi and Dry faxalag in 
?oX#XXIt iro#2* 1971* pp.28*;5T# 
Clitiioyp J.Jftt "Iffoot of Atsioaplierio and Soil Broughts 
GSBL 0roirtli and field of Crop Piaata**t 
*i!^li!aRf51* 
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Chlmkola, K,, •Stm Bop« for Bxy iKcaiag Ama et 
diol^et Sii ana Slnghf 0«P«t "Ealnftd Cotton Eosponds 
to Paeki^* Fxmotiees in Had!i^ Pvadofh*** 
ln<»iS^^|^fflMt 7oX«18t Io«6| 1968t 
GhoWmits BiXigh and «t fiX«. ^sz^ aad Barljr Sovliig 
Enhaaeti tha TiaXd of Eainfad Oottoiit 
m ^ . l l ^ f f i t e f Vol«t9* Ho«:5» 1969» 
pp»4>»44« . 
QimWrne^ BiMgh and Kiatliiy a«7*| ''Hli^ Hotimia from 
Baiiifea Aaarioaa OottoB% ladiaa BBuwiiiygi, 
?ol»t9f Ho»6t t@69f pp*Z7*28» 
Cliopx«» £*F« and MitaXy 3«P*» «For Baiafad treats 
A fia&fo of Coi»P2a''» mW m^iMt Vol*X3L?I, 
So»2f 1976f P»27. 
dioiN^ Kay^ Tf B«2i* ana Baiait 8»S,» "g&inagiwg Soils la 
aaiafad 4roafl% jfiAia^ jpfmm* VoX.3a, 
Sakaiiiiiaaarti, c*> "Coaaenration of Soil Hoisttira in 
Pirooglii 0oAditioii«"« Iftdiaii H^ wBiag^  VoI,t8» 
Ho»5t 1968, pp*21«.24. 
mkkBM»BBmp%%B 0»f "Soil mxm&mmt for lffioi«&t vatar 
g8a«> ptdian mmi^. Vol.XXII, Ho»2, t972» 
pp» 9-1u 
under Dry Barainf*, f 
lfo»4» 1944f pp*tl8«t^ 
^.,r^...^:,^^,^,^...l.r. 
Damort tr.H* and laaoi T*D«* "Bffeot of l^ilehea a&d 
AntitxatiBpixaiita m tha Qrovtii and field 
of Sunfiower EC 68414 under Ziiaitad Vatar 
So.fi t982f pp« 25-28, 
Bargant K«S* at al*f "0ypan]B»» FTMt 0ood Combination 
in Saline Allcali Soils **» 
?ol,XXII^ H©,9i t9T2» pp« 
^.s in teU.Soil»'»» m^lmf^mm* 
>* 27*'2o« 
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|}a«tasi«, J.0,.Jjwatftr Supply t© < ^ 8 % If^Um f^f^m* 
?ol»XXlI, Io#2, 1972, pp.28-52# 
l^tta, E«£* and @«org«i §«^*i •Soao OlioatologlGaX 
and Sjmoptio Featuxws of tli« Arid S^ mes 
n p^^i^m mi g^«t ^9^» pp«iiv2u 
voI»&&» Mo*8, I970« pp«i9<»2i« 
maljs^, H»S« «t sa*i «Jlf£loi«a^ of Mff«7«it Ci^ p* 
ia trtllieiiii; Ealiifdd and Stof^d llol»'lttr«''t 
mm^ fifpgrit .g^ p^ t^ ^974. 
Detolayi B*S* «1 al»t «Siizi£Lov«r A Potfatial 0rop for 
irol.XXIII, Ho.tOi 1974, pp. 2I-22* 
Mnla^f H«S« «t al«y "Stmdies oa th9 Seeding Beptlis 
and Pre^soving Seed freatimut on %1m Seedling 
Eaeirgenoe of Sunfloirer' and Safflover** t 
^^^ijl^g ,^»» ?oi,XIIl, Ho,3, 1974» 
pp,231*5*# 
Daulayt H*S«t Singli, B«I« and Wmry^ A*t "EeoosoiGndations 
and Xs l^emffiitable Praotieee tor isi^iand Qrop |roduction in tHe Arid 2<me«, MsMlMSSs. 
BitHetin* Io*d, 1935* 
DauXajTi H,S« and 3in|^» KtC*, »3tadiee OEI the If feel 
of Seeding Depths and Pre^soving frea-lmente 
on the ^efgenee of (^stor\ md^ Ooi>Aeron.. 
Daoia f^ B*3« and Singh* E«0«« **A Hote on the If feet 
of Hoisture Streee at Different 0roirth Btag«B 
of Sunflower*** Ann. Arid l^ o^ e* Vol.XXII, 
»o,2, I903t pptf§9-7f. 
Dairidy H*S*» *Stahiiissation of Deeert @ande**_| 
M l^^mM^f!B4m9 TeUXXVIt so , i t , t9t7, pp*41-42» 
Da9^, a« et ai«, "Proving of Legates and Cereai 
Mixtare under Dxf j^nalng Oonditione**, 
Bidian J^  Agrea>> f o i a i t , 1967, pp«126-!31. 
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Aimi3abl« tattr in Sasdir I#aa Soils vm&vr 
i ^ » . ?ol.XII, Io.2t <973f PP»172-76# 
|}regii«» S«B« td«» <*&rid Xiamdls im ffsatiticm** 
of Se^eno. MagMa t^oa. S.C.. 1970. 
X^ olsjrf f«^* aafl Basetlt JtO f^ *^ 6« of Prop Etsldbies 
for Soil sad loiatsir® Ooaii«rv&tioa**« 
Eait07*e Paget *Hatiire of tli$ Probless of Arid liaads^t 
ladiaa Ifemiag. Vol.xn, Io3» f969» p.5* 
BMtor'B PagCf "^^^r^r fanaingi Soaio latpef*atiir««*t 
pj-^Mtk Baiffiin^ * ToX^Ht Ho.f, t970* p*5« 
lditor*8 Pag«ff "^ Water liiQa«ea«at*»^ l^aiaa Bawajaa* 
7ol»IX, Ho.6, t970i p.3» 
B«itor»fl ^go , "Katur« of Pi?obl«a«*, |p |^,^ i^  f^ffllBfit 
? o l « m , So*5t I9tl , p,3, 
Bdltor*e Page, "Cry Baii&iag'»» ladiaa pamiiaii. 
Editor's Pagty *^ Croiislit*', tediaa Jfefgaiiys. Tolt^ XX, 
Ho#3t *980# p»t. 
Oangepadiyrapkt M* at al»t oilta^ureaaat aad Estiaatioa 
of Evaporatioa and ivapotraaapiratioa**. 
6111, !•§• aad Bzar^  £«S«t *l^ aed l§aiiag«Bi«it in Wheat 
and Barley'*, fadiaa B&raing* Vol.XXTI, !lo»l2t 
t9T7, pp.9. tC ^—"-^» 
8opani» D^ B* at al*» **:^ f^ aiming Praotio^ in 
Omjarat* 
^97t, pp &tt|arat » M l f f ^ l^riatef VoLXX, So*l2, 
aupta, J»P«» **Ooil and Hoiature conservation for 
Inoreaeing drop Prodaoticm in Arid Iianda"* 
OAZHI Meaoggaph> ^o.20, I983t pp. I«42, 
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*54» 
Bos8iji« tl«f*» "ISaa^  Omst «eia i t s ImAiofttiosi^t 
aPl^ lUfflR f l^ffllMIt t o l , ? , Ho.3t tf44, pp»l28.t50. 
ypflm y^wiiff* ?ouxM, Ho,to, isan pip.^ r^so. 
lailoto, E*M«a«t " 1 ^ Soviag of Cotton tiadof Baiiwfoa 
Ooaditloe 
t970f WPM 
C Ba tcao% Juaiai. l^ialftRy Tol,XIX, HottQf 
»«22«2?* 
*ral3ei» s«Bftl>«i 'BarXoi* for Id&iitoA Mp».% fio80tireoft''f 
^dlM^ fgnttliiic. ?oX,2;£17| Io»?« I974f 
ItlCTlliM- ^oX.V* Ho*It t944» pp*6i^* 
ShQta^t B*0, «t aX.f oiotht A Brooglitiviiotfait foddor 
P»24« 
Joehi, ]?*0«t *0^i« FiobXoni of tfotft Ooatrol in £ftfiia**t 
Mmm,MwlMi^ ?ox,xx?i, so.tgg i9n , pp.>»8. 
EottHErf *^@* t ^Iboroaeiiig Ag£laaltiiz«X ?roaaotio» trtm 
Io,5t t968# 5P»69-?3. 
Satmar* 4'«©«« *^ov fiiaiiiitioiui la llator Maii&|^«it 
i9o9« PP#9*»2* 
Eioavart ^.S*! *>freliX«&o of SoiX SaXInit^ e&a ArXaity^t 
l»tflflft l ^ m t e t V0X.XIX, Ho,7, f9«9f pp.55-37. 
Saaimrt ^.Sfft "fortiXisoxv aad MvlitsusMfttaX j^oXXiitl^t 
So»9f 1972, pp#5«6. 
2aiiiAr» J«S« and BhaaltXay |},B»9 •^azioriag of ilioat 
osdor tMi^ri^ted OondltiQaa la f!iii|a)»«f 
lfr#pi• f^l»^. , ffl, Afff^ g^ ftlgf 7oX«XTt 1959t pp. 74**8U 
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ts« Ai^ d Arm, of I^er of X«i««l.»y 
m f l f , ,ffjftnf M f f ^oltllZt Hos,f ana 2» 
1964i PP»f>-24t 
Uboiiy 4,l>*t *H^«ui«8«it of Xaer^ktt in FroauotiYity 
% Adoptliig BoiJl aa€ ¥iit*r Ooiui«rfftti€8i 
HflmiJlMflMf 7ol«xn> lo . f t t97f, p«4i* 
Eltoviftf BtEt a&a 0ap^t E*I«» *4XX Sal.tw^ff«otfti Soils 
Eolax^ kart A#S» ot AX«t "D^ais • a Metlioa of larvitstlag 
fftt«7 for Agzlc&ltax« la ^o fhaf B^itrf^ 
PP#99*®o# 
Eol&fkaiTt 4,S« a&a Slagliy A.H.t <*iIol.8tart Stomgo 
0ft:^oitio« la Eolation to Soxtaml doa^posiliim 
of yootom Eajaotfeaa Soil«% f m 4 f f | , # m 
JSSj|» ?ol«^t Io«U 197tt pp* 29*32* 
Eolarkart 4»S« a&a Blag&t B.» ^Maiaofis of Sodle 
"Eall 0«aaitioa la aallao««&lkal  SoiXa of ¥«ittia 
B a | a 8 ^ % jftMlff^gl' m a W f t fol^K, 
10*If i970f pp.JI-J?* 
Eollerf B»« *flio Ccntvol c^ Soea GoxmSaatloa try Watoiw 
E»latim8% iiffli|t„ail„,l>llii, ,Mi» V©l»tX, 
I«»1t 1967i pp«55*41» 
Korm6ip ?•£«» *M#tboa8 of zaofoeuilag £aia^>ifatov 
£ffiel«aoy la t!io Bry fraot of Hoirt^ om 
I*0,A,E«I 1969t p*294» 
l^ oxaaai» ?«E» ftt &!•» "Oferlapplaf Coltliratleii of Cottoa 
la %bi^a B&lia tmaer l ^ l^ aR&lng Coaaitloa**'* 
MMm^MmiMi fol^XX, So,2, t970t pp. 22*24* 
£rQat£» B«4tt <*Kftt«r AM a liaaagoa^Xo lapiat la 
ACTl<mltttyt«*> a^^ 4|ffi |s^ |Bya&i V01.IXII, S©.2t 
tf72» pp«25«-^ ^ 
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So#2, 1971f ppi 
Erljiliaiiaiit 4«i **M»txl1»iti<m of i.3rid Area* In ItedlAi** 
Iri0iafiii« 4«» i^SelitieatiQa of Siffc^rtnt Olinatio BOHM 
In fialafithaa aaa tliair VagJaMXity**. J^ d^ Jan 
gp#?3M0. 
Erislmaiiy 4*^ *Som« Aapaota of vatar llaiiagasittit for 
02«|> FroduetioQ In Arid and Se&loi&rid £oaa 
So*I, 1969t pp«l-l7« 
Kz-ialmaiip &#« *^ro<»03JLiiiatologieal EasMireh Pi^o^lwa 
EaXatea to Brylimd Asrloaltai«a"y Indian ga«slmr« ?0l,X3lIt So.!! , f972f PP,28-24* •iT«riiirn,» 
Ei^ ali&an* 4#| w&jr Boat It not Eam In tha Sadian Saaartt", jCfidiaa mtalm. ?o l ,miI» Ho, 5, t9?3f pp.21-24. 
£riataiaa» A. at al*. **A Soil i:oiatiira Eagl^ and 
Siorooliiaatologioal Stiid|' ovar Sand Coaaa In 
?ol.?» Ho.i, I966t l^ p* 1-9. 
Erlalmani A. and loaliifaliap B^^Q^B *Probabilitjr of t]9» 
t a i l o r of Balniiai Boflelflnoy in tlia Arid 
and BtmU4^TlA Wmm of BA^ aa^ ban"» Ind. J> 
ppTeSCToo. 
Krislmant A*K. and 6ale»(^. P»» <*PotiRtial Bimpo-
tranapiration bjr liiofnthiKiita and liaapar 
MathodaS j m l f f ^f p^^M Mf* Vol.I?t So.t, 
Claimant A. and Sltankaxnaraptn* E«A.| "Critazia for 
»aXiiBitatiott of ttia Arid 2ona of Sa3aa«i«a*i 
l9o4f pp. 360—5^ # 
Erialinan» A. loid fbanirit B:«P.t "l^ atar Budget In tlia 
Arid 2ona of Eajeiethan ^rlng I941-t9^**f 
f^fWJ^  9tMH Wf» ir©l.VIIIt Io.2» 1969f 
PP.29i-299. 
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@td.t»d for ]Mr3rlaiidfi*t ^ 
Xaxmifi SiBgli et mXmt <*IHm1iX« Cropping In Baiii«*f«a sM 
Msited l i ter Supply Avm» of i«f«*» 
pP*55-3©* 
lagooQit H*l»* et ikl,t *Ii>qe)rovtd Ittld Boon fOr l^laad 
l^^tet^f |^tt«ft ^CT%if ?©i.XXIV, 1974, 
I0»2t PP»5-8» 
I^ ltap&trRp I»0* et ttl*. "fiespoiiaio of ¥!ioat to ?irtiM.e«r» 
and thoir Molltod of Applieatieai naAer Bala«f«d 
OoiRaiticot% ^ Mg^nJfrHltof Vol.XXIf So,1f 
19?t» pp. f4-lfZ 
flaliaj^tmf 1*0* ot a l . . "F«rtiUaox» Pay Wall. Bran imaar 
tolaaa Co|dltt<a««, 1^ 1^31^  l^ l^ffiliKf IToltXXllI. 
t973t pp#t5»20. 
laiiapatfat I^ ^^ * •^ *^»t **&groao«io Praotleea for 
8^ow®r% jyiSLJIaBytoi ?oi,ttir, Io.4, 
»975f pp»>-4» 
Maliapatra» X«0« aad Slagliy I»F*i *yatar I3aaag®iaat 
Praotloaa for Safflowar 
?oX*MT, Ho#2, 1975. pp motie fo  B mow *. J| | j j f t j^ci |a&f 
Baliatiffi Stii# sad 0iiigli« 0*£r«» "&pp3^  Iitrog«i to 
mylaiid ¥l&^t", IB^TO ifcffiifiM' ^oX»M:9Xf 
So.If I976i p»3U 
Hahmdra Paly «Ba|fa Sra&apla&tlag Comp^ naataa for 
8o*ia» t976, pp» 2V-22, 
i^ Llhotza» S*?« at al«t *Caator * A faflug ^ i l f Crop 
for Baiaetltf 
So.tO, 1974, 
E j feaa*, g^M^ Fftrffitot V0I.XXIII, 
lalUok^ 4»K« and Qoirtniuivasisrt f«3«t *3lLa Brou^it 
ProbXas of India In Balation to igrlailtara. 
laant I!*S«» **Cropplng Fattexn for Dxr Kaxialng Ar^ ui*** 
l^dian^la«Biag, 7Q3.,:EVIXXp So»Sf 19€dt 
3d6 
Mamit I.S»t *Th% lutturt of Our kriA «&& S«il«Afld 
4rca»«9 ^ d i ^ fJBtyaii^ g. VoLMIXX, H&«3f 
t973» pp.9*12» 
laimt H.8« ®t al«» "f«ar3. Iil3.#t in Bidla and in 
AUd 2Ga«8% Hf t m^ Mf« V0l.X?t 
lo . t t 19?6# pp#f5»62# 
Maan, B,S« «t &!•» **i)8t«rt spraadt A QoaQtl'latiTa 
Aiial|«i8 la tim Arid 2ofi« of B&l&etlitQ**. 
m^m,^tMi,mf* voiam, »o,2, 1974, PP.f03-t13. 
Maiiiif H«S» et al,9 "l^aiBiitatioa of Ozt>p Brodaotloa 
in the Arid Hogioiie •»> Probltii» and troapaotB**! 
Man&t H«S« and Hut!iaziat E,D«p *'flfiati!ig and Saving 
Vol.XXTI, Wo,Iff 19T?, pp,58-40, 
Mmm.f B.S, and Eajsana Eao, B,7«« *B&ia ¥at«r BanrastSiig 
Ha&agemaat and ita Xaplioati(me*>t ]SMS&JL* 
Mann* H,S» and Siagh, B»f«t **Crop Produetion in tba 
Arid 2(ma v i ^ Special Eefere&oe to Veateza 
S0.4, I975f PP«347-557. 
Ilehta, K.E* et a l , | "fiioe Qiaak for EeeXaoation of 
AlMli Soils^p Mdiaa mmin^a 7oi«sxn.t 
Io»4, 1979» pp*19-20. 
Mehta* £.E» et aX,» "EeolAsatim of AXkaXi 3oil8"i 
pp# t8»^« 
fiehta^ I«M* et ai« t «»Qaalit3r of Oroimd Waters «Eid tbeir 
PoaaibXe UtiXieation for Crop Produetioxi in 
ye8te» Eajaatajaa*. Syayoaiqaq^ Boil and 
Mater r^aiageaent. f969t PPt3K56-.307, 
Mehtai f.R«» Saoreaeing Water Use Effl<^«ie^ Biroogh 
Crop I!anag®n«it», ayffipfis^ na.fflu Soil and 
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Hehtay f*R«t **V« Qaa. mzimiM9 Fox«gtt Produoti^Ei from 
Hehtat 0,E, t t a l . t «l«thod and i a t t of f»rt iUs«r 
AppXioatiai ia MJfa Tarl«ti«8 vmA^r £ai«iii 
Ho,!, t9tOf ^ T r M U 
Mlohaol, A*M»» "llaoliiiiax<sr for Cootorfi&g Hois'^ iur^ 
?ol*X?III, So,5i !9^» pp»50-5% 
Miaxst I>*S:», "Agronoado ?]?ol>ltts» la Avid and Soei«Arid 
Eogioas of Vt8to» Ba^aa^iaa", Iftdiaa 
by fye-Sowlae 8ood frtateaatS Aaa&?>B,, ^  kM 
Zm,ep, 7ol«1| Ho»,1 aad 2, f962*65f PF«47-55* 
HiaxHt B«K«* <*Agi^ aosiiG Bifoetigatitm ia Arid 2G&a«**» 
aediaaai otBsm&)»tn& on f roblMaLiif 
t9o4t pp»ii^*»io9# WjWfS^tf: 
Miara^ I>«B:» aad Sia^» A«H«» <*Caetor for Arid fraete 
Vol.XIX, Bo»5t t969f pp« 19-22. 
Miera, M«H. at al«, "Wiad Strip Ci^ppiag la Arid krmm*, 
MMjm mrmlag. Vol, I t , Ho.4, 1967i pp*39-40» 
Mittaiy S^ f* at al»» <*£tior t^8o Babi ^o«ar f ie ld la siiall 
BoldlaiP tmdar Brylaad C<mditimia*', Mdiaa 
gaittiR&> VoLXXl, Ho»t2t !9T2» pp,25*^2o# 
Moadfoly fi»C*i "Hariev of ¥ork on Sraot Elasiietti ia 
Ho. 2, 1967, pp, 
Bajaatbaa^t ^ | | | ^ 0 O # f | Ijyi^ ftt Tol.?I, 
HooJiaaif M«K«« "Bffaet of fiae of Vatd R«&OYal oa 
l^iH * ^ i y "'^fe^l ^^^^^ ^t Msrmwti 
WoUXp 1965» pp* 315-318. 
^Idlitart 3,v **Watar Ee^uirameata of Cropa* fraaaat 
Stataa of B&ovladga aad Bitara Approach** ^  
t969i PP*t93-203» 
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li2mXldhai«ta» A« and Babn, B.t «£uoa2jn>ta0 Citriodor&^y 
l^rtyt B,E*» "Brou^t^aToldlng ?azleti08 of lllia,«te«*i 
Indian Bamline. irol»SI, Ho,6» t970, pp*t3*tf# 
fiurtyt <^ «3« and Bao» M,9«« ^Effe^t of fiuX^iing on tho QTOirtii and field of Sob&eoo Crop i& Eolation 
to Soi3. S^poxmtare and Hoi«tuvo"t MiitJL 
Ajgy> Sei.> Vol^ XXXIS, jro.T» t969i PP»742-748* 
Hatbaafty £»!}•# "GMaoso Iisatomt A Sx«ee for Arid Zm9*f 
iaj^ ,^..,i^ y>i^ 3f^ ,^. ?ol,MiriI, Ho,6, 1977i p.17» 
^thaaat £«!>• and Aronit 6*B»t "forfonaaaoo of 
Buoal^tae Camaldalaaaio on S&aliov and Boep 
Saady Iioaa of Pali (¥.Hajas1d&aa)'*t Aaa&lg..of 
^ m , m^f voi*xT, Ho.4» nn^ pp.297.500, 
tlma&t BU!}« ot aX« ^ **Aiiai^ 8is of Growth and 
Bstaljlieliitoiit of Euoalyptiia Caaaldiiltiieio la 
the lodiaa Arid Sai©"i toaaXe of Arid 1^9m 
?ol,XXII, Io#2i t983f pp*15t-56. 
Sfttranjazit ^> '^SimiizioraXisiatioti of Braekioh fator"t 
^«^]niKi5:f!aK CT^ ^MHW."' 
Boei&y |}«P«» ^Safflover i s Eommoratiir® In Sffloads of 
Iladhi^ a Pzudesh** Bi^iaa la«ii|ig. ?ol«IIVIZt 
So»6t t976f pp.t9*20-
irijhanaay 3«D«t **CoooorT«ti(ai of Soil lloiataro under 
<944f pp.58-60. 
Oswalt 11*C« and Bato2iina]Biirti» C«y * ]^Mt«zmiiiatioa of 
capillarr c^dnotivitsr tmder Bryiand 
Agriottlturo", M,,.f,;/«r> M*» tol.XXXXIII, 
JJo.tIt 1973, pp. 1019-1023. 
PaadOt H«E« and Anaat BaOf I.E.* "Ahsorption of 
ffutrionts hjT tl» Crop Plaato and Assooiatod 
Weeds a&d i ts Bolationship l i th Crop Tield<*» 
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Pandeyt S* f '^ emt Aspeots of Qwrnrphol/oey of l&dtaii U •    Geoaorph logr  £&< 
^lia 2oat% sjppftfli^ m>ff|<| gfify XXI, 
t.0.C», t9o8f PP. 20*52. 
Banas* *Elia7i& Bamui' mnA Ka&oansOa Baniui* 
jgasiftf ?ol.IX» Io.3i tt70» pp. 17^130. 
ftmaej^ y @.:&* a&a Slaliay A.I«y "|}f«iiitfi^ « of AgrleuXtovaX 
80%%^lhff^^ FlWtei ToUXXIIt H0.2t t972, 
Patbaky 0,i?. and 3iva<^9 H«S«t "Bo^tion v i ^ L^gnaes 
Can Daormee Covtal Yioldfl*. Indian madng. 
Vol.X?It Bo.9f W^, p p . 3 5 4 ^ r ^ ^ ^ ^ ^ 
Patiiaky S*S«t "Sffeot of Higher Sosts of Ultrogea 
a&d Phoepl^te cm tdiirrlgatod tlheat*, Bidlai^  
PatiXy 3»7*t "laeroaeing Balii<»ifat«y Bfflole&flgr ia 
Imgattd and Q^rrigatod A3P«&a"t Qyagoalua 
1969* p. 292* 
parthaeas'tl^i fi« aad Haklieoljat P«» »fattotaatlo& in 
Aridity ov»r j^l&ethaa aad llelfihl»ourliood"i |p|?ff P^i|fif^gP^» 7oX*XX» firo«»3 ana 4* 
Fatoii A«P* «t a3L«t **Stiid|r of MortaXitjr of Etioal.S'ptiis 
flaatatioaa la tho Hold Ba'vi&est c^atrai 
Gm|arat% pFj|g^^| ArjyLjfllit VoLXIl, 
«06*f sold 2f f973i pp.9*^* .^ 
Parliashf B«i "I0Afi*8 CoatribiUoi to AgrieoXlaraX 
t979i pp.11*l4» 
Pliaraado, £*3* et al«« "lols^iro •* T7ptako Pattama 
lA HoXatioa to Stages of Crop end Soil Beptb 
Vol.XXXXIIJ> m aexatioa to st»ge« of crop ei 
Pomal^ B«L. aad liathar, £!•!«» **Ee8poa»e of Bajra 
Tarletiea to Hltrogea AppUoatloii Aanala of 
^y|^ ^ e > Vol^XII, Bo,1, 19t5i pp.77*8t# 
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Baoakrit^ Kiay 0»V«S» t t aX*^ ^TrmA and Stability 
i^&lyais df Crop frodueticai Effleitaajr over |egt»m Mjaatli^S m , jfji ggftf, Vol.XXIX, 
Beaaloelelbii&y 1«@» and 8lii#i| E»F*i *0«« of Bajm 
Bisk mleh. for Hoietor* Ccntdrvatioiiy 
iBil^?' PP9l1,t fff4tgi,#i#*» 9^74* 
Baffiamoortli7| B«9 **llaaag«aiiit of Soil mtmt flant* 
Cliffiatie oompltx idtli £»pt«iaX &«fer«i«« to 
Saline aad Sodlo Soils ia tlio Arid £eiio''t 
Haaaaa Bao» £«7«| *^rolisiged Pxy Spoils at Bollavy 
DtuHig tfes Soal^ *iost Monsoon 8oa8«ft% 
ppf29»-?&* 
Baaaiia fiao* B«?»t «t al*^ "Xafliioaeo of CoaaxiesBint 
of Soviag Bains on Crop Prodaotion la SOB« 
Sry Sistriets of Bajastbaa'f Maasaa* Vol»X£KX7» 
So.5# 1985, pp.355-58. 
Eaoy B«S* and Moha&t £«C*i *9ots «» t2ui Bffsot of 
Bssp Bloo^biiag and Cmtoor BidgSftg on Moi 
?o?»«??^H?a « Arid m o t s * , B d^. J , f^flTt ^CIM 
 oo^ bdL&f  ont    oist^s 
^ ri  Iraots*, JfttJL 
Bandas, li,A», %^pomtloa and Potmtial Itapotraas* 
plratlon Ovsr t!is mdian @ul>«ecsiti&sat**, 
Bathl, £«S», <*fraaspliaitixig yhoat uadar Bslaarsd 
Conditiotts;, i^^lffljimiMf 7oi ,xxn, Bro.2, 
Bathors, 0«S«, **Crop Promotion Stratogy in Brouglit-
Brow Ar»8% 3&|fl^, g^|M^» Vol.xm, Ho.3, 
1980, pp.3-4, 
Ba3rd!iattdhari, @«B*, "ClassU^oaUon sad Fortuity of 
BoHs of Bessrt and y«Bl»Bo8srtio Eoglons*, 
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Bayolmiiahagl, 8.F*» **23«a«rt Soils and fiM«rt 
^ g ^ V W l - t l^ fi^  lfr?fi gg^o Z, 
B«g«t H.Swt *i&t«r Baaagcstatf A Umt Oonetpt IA 
Eege« S*2}«» <*SolX and water ^mag^iiat Pr^blcMi in 
1972, 
Eod«» K*P«9 "Geoffiorpi^ logr and Bfolution of tlit 
»><ttm 4r^ ft gfflti JoiHipttr, t964t PP»«9^ 75» 
fioXet<«» !)«£^ «» **Ooil*.satazwPlaat Belationaliip 1A 
3o.2, 1972f K>.46*48; 
H02r» B*B« el a3L«» *^«ieaiB of caylifmate Plan In 4xid 
Vol»yiII, Ho, 2, I969» pp»18l<-187, 
S a a ^ i 0«L. at al«» "itoyplioXogr aaA Soil feirtiXitir 
of irwtem Bftjaaigaa*, IfflHH, ffl ^tUJmSb 
VoltXV, So^l, 1976, pp»22k23. 
aaaaoBf &•» **liorobial Mfe In Arid Ba^iroasiatet 
Protpeet© aaa A<Mair«8«Ji«j j p s l t o i ^ f i 
JSBjIt ?oX«:k2t Hoa.l and 29 1972, pp«67*91< 
S«ei» A«K»t **3ome OeogfapMe ItaturM of tila Bajaatiiaii 
geeegt% Jyffg, sy^ , g w | | | | | . f e a i ^ , ^ n i 
Self A,E,i, «4grocXiBtttia Etgioaa of Bajaatlaii*, 
|aap> g%M§ ^ ^ * ^oXaif l^ oa, 1 and 2, 
Sea, &*£« and Abraham, 0«i'«, "Crop BeXta and Cropping 
J?ajt©m« of Ea3a8tlfflo% |mf | f . ffl^Md Mf* 
Vox,?, Ho.1, 19€6, pp.loCTisI 
a«n, &•£• and Qnpta, S«B«, **3oae Agrovdamo^raphie 
iiepteta in Biffermt AgrooXisatio Bei^ooa of 
fiajaetli8n», mm 9tApJLm&» VoXav, 
Boti and 2, 1976, pp»12U12a» 
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So. 2, 1940, pp.5^^9* 
0f Aimilftblt ^ t«r la staiy %otm Soil* 
tmd»r Bvy fAmim Conditiona*** A«»^« »* 
Agta zoao* voiflAXXt BOO»J ana 4* f9f?f 
Sl^ zBAt SwF« aaA igBivmmlt B«P»» **(l»o of fhoa^batio 
Birllllierv In Eolatim ^ Ovast atirMnth 
ai&A SoU Flijniioal Pzop«x*^ii*» ABBfIt g | 
i^m Mt» VoLXXt Ho.2, I98t, ro.95*fOO. 
Sl2afBft| .^H» sad Sandtni. D.8., «A Sorapor fior LeroUlag 
BWDA tmwK hmOt g^ Sffilagf ^ol,XXl?, Ho. 2, 
1974t pp.ia-JSj; 
8Jlii£^ 9 0. ot al . t **I}rar aad Earljr Sovlag £ahaB««s tlit 
tiold of Baia*fed Cottoi 
?ol.XIX» Ho.5i 19^» PPi P-fMj^^ ala*fcg,cottoa*»j|<affi ll^lBte» 
S ia^i D«7«» "Fiaetov SliaY«» la B&lafoa Eiiailf Orop» 
toX.XX£XZXt Ho.3t 9^@3» 
Sla^t B«7« «iA QBulay, B.O., oAgro^tocaioalo ^aaSjtio 
of fwesm aad satalag ia Afid ecao*. 
I?!? nmm IH^*^ HO,9» 1903, p*9e* 
Slagh, D.Y. aad roalajt H«s.c •Ceaatzaiati Aaaljrvia 
ia 2?sQaBfor of 1217 BMnalag SPo^ ikoXog7*t 
g|y l^ ftffllMSalA^* ^o.fOt t935, p. 39* 
aiagbt E*H.» "Baislag fro^oti^ljr of Sfgrlaad Barloy^p 
PP< 
e ia^ i £«@* aad Coverdbaa 3la^t "StiidiaB oa ^ a 
fafttaaMlitjr of 3oaa fjrpioaX i o i l Pfofilaa 
of Bajaatliaa ia EaXatioa to tHalir Bora Sisa 
DiatdLbatioa aad Kaohaai^ aX CoBpoaitLoa", « 
Siagli, £. at aX«» "DoubXa Cvopplag la ^ia*»fad aad 
Iiisitad katar OuppXy Araaa of ^.P.^t 
HK a^fttfl^ WitBfi' V0X.XII, Bo, to, 1971, 
pp»35-3o» 
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&kmiQSiX iBr&pwHm of Bdil* of *glaiftla8* 
Smitalil* ir&xi«# for Bf^ rlaiiAi*^ * IMIfl 
£ y i | ^ 9 Vel«I£?Xt lo*5i 9^7€p pTWfT^ 
im|^40KMJaajit vox*^ iXt so»St tf74t 
Sl&^p &*?« t t a2,*» **teiii^ l^lsoii^ of wottem 
foX»ISXn, So*12, 1974, P 5 » 5 X 
Sla^t E*F» and ^aiiit B*2i*i "Crop IX^&i at 
Htfliiaiotd by BtHwoff and Soil ftoittero 
IO,l, Wtf 1^.19-24. 
aiagh* E«F» find Fx«i8a4l| r:«7«B«, **Ovopp£iig i'^ rmtOiiMi 
la RolfttlOB to E^tfifidi @itaattc» la 
?oi.xix, Wo.ftp 19W SrfJK ^"•''™^^™«' 
Sla#» E.f* aad mi^oat, D*B,» '^ffoot of Btodlag 
IM>ptfe® €U3,d J^ yimowlBg Oood fffofttftcat oa b^ai 
etoftlas ^Ha^fiafo of Bmtluomv m$, 
H0.2, t974i pptt2^l2i» 
S la^ , B,f« aad Kileimt B«B»t *'A loto oa Soilag 
Sc»k«d Smnovif* aaS Safflover Sota at 
7a3?ioiio r@pt^ aad at t«o fioot Soaa 
i l a # t S«l»« fit al«, *iaer«^9iag Eala^vater Bff ie im^ 
l a ^ d l a g la m &rm»*t §g|gff3^m f|, fftltl ffl4 
fftttr ^^gfffltl* I.OtA^E,, I9^» p.290, 
Sla#t S«])« ot ai«» "l^ sEiMOlf Bafffitafs laldai; ^MI JiMt jkipaiXsl)Ie ¥attF*t |afidiw;i.,mg«lag« ?o3L,£llZXi 
So.4f t9t5f pp«7*»8» 
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»0»O» I9iw» WP*Z\'i'2Zm 
la Etlfttiai to Csrepa md Ofoppla| Fat 
flltfiift|Hll>ttti Voi»XX2It Ho«2t l9T2f 
SvlirMtii.tmt s,f« naA Sisght A«P*t *£&tot^o3rafpiAf 
mdoi? DxgrlJiid ConditlMi» of ^imipaar fgXm*^ 
liflMiift niBlillr VoI*I£XXf S0*10t !980i P*f6« 
Stt^ zttliuiMi3^ aaf V«F* ot ftX«« **£opp«i aod Shoxftthnftlto 
Sjwtoai of CUafttlo (^isifiofttioii M Amlitd 
f^Jft^^*f^A||ili ftl^rti,Iffifi V«l«4t to*if 
l9o5f pp*4o»99* 
lA lipraiight iatklyoii' la %oia^t #iayolJi*| i p ^ f ^ f f l f ^ * ^ 
Suadam Bao« ¥#?*B*» «Soat Aapoota of Soila l^ iofoMoloi^ r 
la BoIaUoa to Soil BnrtiH^ viHi spooial 
Bofmaeo o^ Arid 2<»;*i giyta Jl i f• m i j * ^^  
Sura J Bliiat tt al*« "Hott ce Boot fiomlopatat ao «a 
Xadox of Sreaglit Eoolataaoo la Soz|^ iiui"| 
la^. J, Agr. sm, . ?ol .xxmn, Ho.8, l§75f 
S«a«iAa t^oa» M S^., "Selia^flo Kmaimmt oadVaa 
of itettrs laain Fiiilftyt ?oi,2xii, !io,2» 
19t2» PP-S-*?^ ^ 
aiiaaiaat])aa» B*il« aad Baot S*&«?«f *leioiHMalac oad 
StaHMalaf Agrlofultaxal ffodaetlaa uador 
pwr iaf«lag% fettitt gllilaff V01.XX, So.!, 
1970, pp.5-7* 
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in Arid ttiA SMi«Arld ZcctMi**i 
._.. _ _ :Xi?W!r>r$: 
(UVJIBCOf 
S«4iitaiii K«0, and Gapta« s*X«t *£s{irMuilaf Bftla«iMit«ir 
MtHeim^ In Arid and SMUUftyld Av«M for 
AiPPlcttltiUfai t»da«tii»% |yjOTi|||nm g^ll .g 
1f?5i pp» 24*26. 
tlpftdli]«7»» t«H« •% al«« •Sajfttfts A 9«v VhMit tor 
Iff,8^ 1981, pp«15*le« 
Vftrsif A*3«« "Soil Moistar* f«rtiXitjr Wtilmk9&*§ 
jBKiUff yiiaingi voi^xxii, 10.4, t9t2, PP»29-32. 
tasiiillftlit tH «!•« **Bff«et of OoBtom* luyvoim «id 
Coatotur Bnadft on Vftttr Cmttrv^tiim ia 
^fid aatto. Vol»Ilt »0B«5 wd 4f i972ff 
pp«f69»t82» 
WatlAllaUi iad Mft^ birt C«P*t "Vntor CMitoratiM la 
Biago»Li&d« of Vottozs BajM^iiai** 
fftdSTt B*C.« "£Eit«xwyow Vmtor BRrfMtliif B«i«fi«i«l 
to flaiM% iBttfflft miltog* VeLxxirip »o.4, 
f97d, pp#5*BI 
